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EETISER'S NOTE TO THIRD EDITION. 



The preeeDt volume completes the reviaioii of volume II of the 
Becond edition of " Commercial Organio Analysia" except the sec- 
tioD relating to eesential oils. The two parte now issued include 
over eeren hundred pagee; the same text in the former edition 
covered about five hundred and twentj-five pages, from vbich it 
vill be seen that a large amount of matter has been added. 

Much of the text of the present volume has been revised hy Mr, 
Allen. The first half of the work, up to about page 150, was so 
fiti advanced at the time of his visit to the United States that 
only limited corrections could be made, bat the remaioing por- 
tion recaved much attention at his hands, especially the section on 
" Phenols." 
- The revision has been extensive ; the text has been largely re- 
written. The prinoi[ial additions and changes are: systematic 
arrangements of hydrocarbons according to the modern system, 
including application of the nomenclature of the Geneva conven- 
tion; summaries of the technology of acetylene, coke-oven tars, 
and asphalt; testing of petroleum, Inbricating-oils, and coal>tar 
products ; and special tests for many benzene derivatives now used 
as drugs, food -preservatives, or disinfectants. The section of 
asphalt has been increased more than three-fold. Mr. Allen has 
added largely to the analytic data concerning phenol, phenolic dis- 
infecting agents, and wood-tar creosote. 

The reviser has added as an appendix a detailed description of 
new extracting and drying apparatus, and has calculated tables 
of comparison of Beaum£ degrees and specific gravities (lighter 
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Tl BEVISERB SOTB TO THIBD EDITIOIT. 

than water) ; also for compariaon of therm ometric degnee F. 
aodC. 

Origioal references have been coDBuIted vherever poaaible, in 
which work the extensive librsriea of the Franklin lostitate and 
Philadelphia College of Pbannacy have been avulable. The 
index has been mach enlarged. 
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Page 57, in foot-note, for " water " read " winter." 

P^eT6, line six fiiom bottom, Tor "fluoreaceat" read " QaoTeecence. " 

The following corrections for preceding volnmes are to be noted in addi- 
tion to those given on page z of Volume II, Part 1 ; 

VOLUME I. 
Page 155, fifth line from bottom, for " = 67-6" read " — 67'6." Last line, 

for " improper " read " imperfect" 
Page 174, line fourteen from bottom, for "Reitman" read "Reitmair." 

Line nine from bottom, insert after "over" the following, as a new 

sentence : ' ' The receiver is changed and the operation continued so 

long as alcohol distils." 

VOLUME II.— PART 1. 
Pof^ 94, the specific gravity of linseed oil at 100° C. is 0'8609. 
Page 144, line seven, insert " direct " after " by." Line four ftom bottom, 

for"115"read "125." 
Page 165, omit the sentence beginning on line five. 
P^e 18:i, in table, the figure for cottonseed stearin aboold be -f 25- 
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HYDROCARBONS. 



The term hydrocarbon is a oonvenieat deaign&tion for all com- 
pounda cootaJDiag only hydrogen and carbon. It haa been applied 
in physiologic Hteratnre to the fats and fixed oile, and, still more 
objectionably, to the carbohydrates ; but this erroneoDs and confusing 
use is no longer observed in standard text-boolu. 

The nnmber of known hydrocarbons is very large, and theory 
indicates the posaibitity of many others. They are convenicDtly 
divided into two groups according to an assumed arrangement of 
the carbon atoms : the open-chain, fatty, or aliphatic seriee, and the 
cloeed-chatn, cyclic, or aromatic series. Each of these series may 
be divided into numerous sub-groups sccordiug to simple arith- 
metical relations in their formulte. The most important relation ia 
that termed homologoua, which refers to a constant difiereuce of CH, 
or some multiple thereof. The members of any given homologous 
series may therefore be represented by a general formula, and this 
is often used as a designation of the series. lostances of isomerism 
are numerous. 

The open -chain hydrocarbons are fonnd in many natural products, 
such as petroleum, mineral naphtha, natural gas, and bitumens, 
aud also in the more volatile portions of the products of destructive 
disdllation. The closed-chain hydrocarbons are represented in 
the less volatile portion of the products of destructive distillation, 
especially of bituminous coal at a high temperature. A distinct 
and well-marked group includes the substances known as " essen- 
tial " or " volatile " oils, which give the odors to many plants, 
especially species of Roaaeea, Ruiaeea, LabiaUe, and Coniferw. The 
camphors and resins are oxidised products of tbeee bodies. Solid 
hydrocarbons occur very rarely in plants. 

As produced both in nature and artificially, the hydrocarbons 
often occur as intimate mixtures of many allied bodies very difficult 
to separate. The methods practically used for this purpose will be 
VOL. II, PT. II.— 2 17 



3vGooglc 



18 

described later. Some of the hydrocarbons have oommon names 
derived from their propOTtJes, source, mode of production, etc., but 
as it is desirable to have a syBtematic nomenclature, the following 
table gives some of the membeia of the more important series and a 
system of prefixes and affixes by which the composition of any 
member is at once indicated. The principle upon which nomen- 
clature is baaed is evident from the examples given : 



Genebal 1p „ 

HetbRut. 


"of 


C„H,. 

HetbcDC, 

arHetbykue. 


C.H,.-, 

Methenyl. 
CH 


C.H„-. 


Ethuic. 


'it 


Ethene. 
or Ethyl™.. 


c,h; 


SUliBll, 




Trltjl, 




Tritanjl. 
C.H. 


Tritint. 


Tetrue, 

or BnUne. 

C.H„ 


T.*rjl, 


Tetrano, 

"IS- 


TWrenjI. 

c.h; 


Trtrine. 
C.H. 



The syllable " alk " is used aa a general deeignation, modified by 
the special terminations. Thus, homologues of CH, are called 
" alkanes," those of CH„ are " alkyls." 

It will be noted that all the members of the methene seriee have 
the same percentage composition, the ratio of the weight of the 
carbon to that of the hydrogen being always 12 to 2. Some of the 
open-chain series of less importance will be noted later. 

The nomenclature of the closed-chain series is less systematic 
The following are some of the important members: 



Oenrbal l^^ u 
FoaMULa:/*^"**'""' 


C„H,.-„ 


C.H„,,. 


TutnoiiB. 


Bmudb. 


N^htb>Iau>. 


Antliracene. 
C,.H„ 


Pinaoe. 


Toluene. 
C,H, 


CiiHi» 


Heth^l-anthnotDe. 

C«H„ 




'&' 




Rcbnie. 
C„H„ 
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SYNOPSra OF series of HYDKOCABBONa 
Ar Oc tmplrleal and unmud ilmeltinil/lirMiiIa of Oiae ieHa lee the tpteifc i»tBripHan. 

a. Open-chain, Fatty, ob Aliphatic Skeikb. 



STi'SL". 


».„ 


iHFOBTAHT UENBBBa. 


CHIBF SODBCtS. 


C„H,. + ,. 


Methanes, paraf- 


Marsh gas, 


Petroleum, oioke- 




flll& 


paraffin. 


rito, uatoml gas, 
coalgss. 


C.H,.. 


Etbencs, olefins. 


Ethene (ethylene). 


Fetrolenm, coal 
gas and shale 

gM. 


C.H„. 


Ethii»s,MetTleDe8, 


Acetylene. 


Coal gas. Ethine 




Di-etbeues, allsnw. 




by action of 
water on caldnm 
carbide. 






Isoprene, tuyrcene. 


Essential oils. 1 

1 


b. Closbd-chain, Abomatic, ok Cyclic Skbibs. 


C.H„. 


Naphtbenee, 
ParoffeiieB. 


Octonaphthene. 




C.H,..,. 




Meotbene. 


Essential oila. 


C.H„-,. 


Tetpenes. 


Pioene, csinphene. 


EsKntiol oils. 


<i.H„ 


Bensenes. 


Benzene, tolnene. 


Coal-tar. 


C.H,r.. 




Pbenyl-etbene. 


Storax. 


C.H„-„ 




Phenyl-etbine, 


Synthetic. 


C.H,.-„. 


Napbtbalence. 




Coal-tar. 


C.H„-,.. 


DiphcDjla. 


Dipheayl. 




C.H,.-,.. 


DipbenyleuM, 


Flaotene, 






Dibenijis. 


Stiibene. 




C.H„^„. 






" 


C.H^. 








C.H,„. 




Pyrene. 


" 


C.H»-«. 




Chiyaene. 




C.H„.,. 




Dinaphthyl. 




C.H,r» 








C.H,.-„ 


Piccnes. 


Picene, 


Lignite tar, Cili- 






Benzeiythrena. 


fomiapetroleam, 
coal-tar. 
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20 HYDROCARBOHS. 

Methanes, Paraffins, C.Hn+i. 

Methane, manh gas, CH„ is produced ia the decotnpoeition of 
vegetable matter ander restricted access of oxygea. It occurs in 
large amouot in the em&natioDB from marshes aad ehallow pools, 
in the atmosphere of mines, and in natural gas and common 
illuminatiag gas. It does not need special consideration here. 

The liquid homologues of methane are found in petroleum, and 
the highest members are substances known ab ozokerite, hatchettite, 
mineral tallow, mineral wax, cerasin, and paraffin woz. 

Tlie term "paraffin" (^parum affinis, little affinity) was applied 
to some of the solid homologues on account of their indifference to 
chemical agents. All the members of the methane series are sat- 
urated hydrocarbons, and therefore show no tendency to combine 
with other bodies. Alt above irilane, C,H„ are capable of isomeric 
modification, the isomers having different boiling points and specific 
gravities, and yielding different products on oxidation, Pentane 
contains 83'33 per cent, of carbon, and the proportion rises very 
gradually with the number of carbon atoms; paraffin of the compo- 
sition CuHg, containing 65'23 per cent, of carbon. 

The methanes containing a small number of carbon atoms are 
gaseous at ordinary temperatures ; the intermediate ones are liquid, 
their viscosity, specific gravity, and boiling point rising with each 
increment iu the number of carbon atoms. CVH,, and the higher 
homologues are solids. 

The following synopsis of the important data in regard to all 
isomeric forms from tritane to hexaue, and of the normal forms 
from heptane upward, is taken from Richter's Organic Chemiatry: 

structural Fanuuli. Boiling; point tt len 
>ai»U7«Jmm. 1*^;). 

QH, Tritane CH,.CH,.CH, ~ 45° 

C.H,„ Normal tetrane CH,.CH,. CH,.CH, + i" 

Trimelbvl Methane CH,.CHtCH,), — 17° 

GH„ Norinnl Pentane CH, (CH,),.UH, + jS" 

Dimelhyl-etliyl Methane CH,.CH,.CH(CH,), + 30= 

Tetraiiietlijl Methane C(CH,), + lo» 

an,. Normal Hexane CH,(CH,),CH, -f 7'° 

Methjl diethyl Methane CH,lC,Ktl,CH +64° 
Dirnethylpropyl Methane CH,.CH,.CH,.CH(CH,), + 6i» 

Di isopropyl (CH.l, CH.CH.fCH,), + 58" 

Trimethyl ethyl Metbana CH,.CH,,C(CH,), -|- 43—48' 



3vGooglc 



MBTHAME8, 



Heplane, . - - - 

Nonaoe, . . . . 

DevsDe, . . . . 

Undecane, ■ . . 

DodeckDe, . . . 

Trideiaine, - . . 

Tetrudecaue, . . 

Peutadecane, . . 

Hexadecane, . . 
HepUdecaDe, 

Octadecnne, ■ ■ 

Nonadeoine, . . 

Eicoaine, . , . 

Heneicoauie, . ■ 

DocosODe, ■ . . 

TricoBane, . . . 

Tetracoeane, ■ ■ 

Heptacamne, . . 
KcDlriaconlane, 

DotriacoDtane, . 
Pen latriacoDtaae, 

Dimyricyl, . . . 



■ C,H„ 

C„H„ 
C,M„ 

• C„H„ 

• C„H„ 
.C„H„ 
- C.,H„ 

C|,H„ 

■ C,>H« 
C»H„ 
C„H„ 

C„H„ 

■ c„h" 

■C,.H,„ 



— 51- 

— 32° 

— I6.s« 



0.7330(0°) 
0.7456(0°) 
0-7745' 



234° 


0.77s 




*52.5° 


0-775 




170.5° 


0.775 




287.5" 


0.77s 




303= 


0.776 




317= 


0.776 




33°° 


0.7:7 


attbdr 


205= 

215"* 


o:5;5 


m.p. 


"45° 


0.778 




234° 


0,778 




143° 


0.778 




270° 


0.779 




302= 


0.7S0 




310= 


0.781 





The methanes are UDaflected hj chlorine or bromine in the dark — 
acharacter which dIstiDguishes them from hydrocarbon of theethene 
and ethine (acetylene) eeriea. In sunlight, hydrochloric or bydro- 
bromic acid and chloro- or bromo-mbitilution products are formed. 
The action takes place more readily at the boiling point than in 
the cold. Cold heptane readily abaorbe chlorine in diffuBed day- 
light, becoming yellow. The liquid suddenly becomes very hot, and 
evolves torrents of hydrochloric acid. From this point it remains 
colorless, absorbs the chlorine quietly, and evolves hydrochloric 
acid continuously. In presence of a little iodine the action con- 
tinues in the dark, but secondary products are readily formed. 

The substitution -products obtained by the action of chlorine or 
bromine reproduce the original methanes under the inSuence of 
nascent hydrogen, and are converted into the corresponding alco* 
hols on treatment with alkalies. Iodine has no direct action on 
paraffins, butsubstitution-products containing iodine can be obtained 
by indirect means. Thus, tri-iodomethane, or iodoform, CHI,, is a 
productof the siniultaneouB action of iodine and an alkali on various 
organic bodies, such as alcohol or acetone. Concentrated sulphuric 
acid has but little action on the methanes. The lower homoJoguea 
are unaffected by nitric acid, though interesting nitro-subatitution- 
compounds (" nitro-paraffina ") may be obtained indirectly. The 
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22 BYDROCARBOSS. 

higher members &re not afiected by eren the gtrongeet nitric acid 
iu the cold, but Bolid paraffin ia attacked by hot nitric acid even 
when dilute, and is acted on by chromic acid mixed with aulphurio 
acid. 

Ethane occurs in admixture vith methane in coal-gas, fire-damp, 
and the gases from petroleum wells. 

Propane (tritane) and fnitane (letrajie) are found in considerable 
amount in petroleum gas. The latter paraffin forms the greater 
part of the product known as " ej/mogene." "Gasolene" is a far 
more volatile product, scarcely obtainable. 

Pcntane occurs, together with ieopetUane, in the moat volatile por- 
tions of petroleum spirit, and in the products of the distillation of 
cannel coal and bituminous shale. Mixtures of pentane and air 
are used for producing standard flsmee for photometric purposes. 

Hexane, heptane, and octane constitute the greater part of the 
liquid known in commerce as petroleum napluha or " benzoline." 
Normal heptane exists in a state of approximate purity in the liquid 
obtained by distilling the terebinthinous exudation of IHntu tabi' 
niata. 

The higher paraffins require no separate description. 

Dbtection and Determination of Paraffins. 

Paraffins in the vaporous or gaseous state can be separated from 
hydrocarbons of the ethene and etbine (acetylene) series by treat- 
ment in the dark with excess of bromine. The paraffins remain 
unaffected, while the admixtures are converted into liquid bromine 
compounds. The same principle is also applicable to liquid mixture 
of paraffins and olefins. Tbeuuchanged paraffins may be separated 
from the olefin bromides by distillation in a vacuum. 

When paraffins are heated with bromine and water for some time 
in sunlight, they are converted into bromo-substitution- com pounds, 
half the bromine which enters into reaction being afterwards found 
as hydrobromic acid. This reaction is peculiar to paraffins, and 
may, under fovorable circumstances, be employed for their recogni- 
Uon and quantitative determination. 

Liquid paraffins may also be separated from hydrocarbons of 
other series by treaUng the mixture first with sulphuric acid, as 
long as the acid becomes colored, and then with fuming nitrio acid, 
avoiding rise of temperature. Other bodies are oxidised, or con- 
verted into nitro-compounds which remain dissolved by the acids 
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or are much lees volatile than the unaltered paraffius. After 
waehing with water, drfiiig over caustic potash, aod rectification 
over sodium, & distillate of pure parafSoH ia obt^ned. A practical 
use of this priuciple ta sometimes made in analysis. 

R. Holand (Abgt.J.S, C. /., 1894, 286) obtained good results 
in the analysis of mixtures of browu-coal tar containing known 
amountB of methanes by diBsolving 20 grm. of the substance in 100 
cc. of absolute alcohol, cooling the solution for two boure in ice, 
and collecting the separated solid by filtering through a double 
filter. If the amount of paraffin is less than 20 per cent., it is ad- 
visable to concentrate the oil by distillation. 

Ethenes, Methenes. Olefim. C,Hn. 

Ethme, ethylene, or ol^iant gat, C,Hj, is the lowest known mem- 
ber. The first three members are gaseous at ordinary tempera- 
tures. The liquid olefins are oily bodies, lighter than water, and 
insoluble in it, but miecible with ether, chloroform, carbon disul- 
phide, benzene, and fixed and volatile oils. They are not readily 
affected by dilnte acids or alkaliee, but are far more Husceptible of 
chemical change than the corresponding paraffina. By the action 
of nascent hydn^en the olefins are converted into the correspond- 
ing parq^ru. 

By treatment with hydrochloric, hydrobromic, or hydriodic acid 
in saturated aqueous solution, the olefins are converted with more 
or lees facility into the corresponding derivative of the methyl series. 
Thus i^ene, C,H„ when heated with hydriodic acid, forms i»>letryl 
iodide, C,H^. The reaction occurs most readily with hydriodic 
acid, and least so with hydrochloric acid. 

The olefins form with bypochlorous and hypobromouB acids, 
Monochlorinated alcohols (e. g., C,H, + HCIO = C,H,C10H), 
which are converted into alcohols of the methyl series by nascent 
hydrogen. 

By treatment with chlorine, bromine, or iodine, even in the dark, 
the olefins are immediately converted with evolution of heat into 
additive-compounds containing two atoms of the halogen. This im- 
portant reaction is common to the whole series. These compounds 
are oily liquids, in each case of higher boiling point than the orig- 
inal olefin. The reaction is of value for the detection and estimation 
of olefins in presence of other hydrocarbons. By treating the bro- 
mides with silver or potassium acetate, al^in aeetoiea are formed, 
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which OD dutillatjon with an alkali yield the correeponding 
glyeoU. 

3j treatment of the lower olefins with sulphuric acid, eaten of 
tiie methyl leria are produced with more or less facility. Thus, by 
the action of sulphuric acid on ethene, ethylgalphurui add, C,H,.- 
HSO„ is formed. These compounds, on distillation with water, 
yield alcohols. Stdphonie acids are also formed by treatio^ the 
higher olefins with sulphuric acid, but the reaction is complicated 
by oxidation of the olefins, and by their tendency to become poly- 
merised. The formation of polymers occurs to a considerable extent 
when shale oil is treated with sulphuric acid of 1*70 specific gravity. 
Acid of r845 specific gravity acts as a powerful oxidising agent, at 
the same time partially converting the oil into crystal lisabte sul- 
phooatea soluble in cold water, but decomposed ou heating. 

By treatment with fuming nitric acid, olefins sufiTer oxidation with 
more or less facility, forming in some cases unstable niiro-compoundt. 
The reaction with nitric acid may be employed for separating olefins 
from paraffins. 

Olefins are oxidised by potassium permanganate or chromic acid 
to glycols, which may be subsequently converted into acids. Thus, 
ethene yields etbene-gljcol, C,H,(HO)„ and then formic and oxalie 
acids. 

Beterminatioh of Oleftnb. 

The only method practically available for the direct and accurate 
determination of olefins, when in admixture with hydrocarbons of 
other series, is based on the facility with which they unite with the 
halogens, especially bromine, or on their absorption by fuming sul- 
phuric acid. 

For the estimation of the gaseoua olefina, as existing in coal-gas, a 
knownmeasureof tbegasis iutroduced into a graduated Cooper's 
tube, care being taken that the water which is displaced has been 
previously saturated with gas of the same quality. Bromine is then 
dropped into the water which remains in the curved part of the 
tube, the tube closed with a stopper or the thumb, and the con- 
tents well agitated. On opening the tube under water, the diminu- 
tion of the volume of the gas will indicate that olefins have been 
absorbed, and, on observing the water, oily globules of C,K,Br, 
will be perceived. These should be red or yellow in color; if 
colorless, more bromine must be added and the agitation repeated. 
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The tnbe being sgaio opened under crater, a amall piece of caustie 
aoda is added to absorb free bromine, and the tube agitated once 
more. The tube is then immereed in a cistern having glass sides, so 
that the volume of the residual gas can be read off when the water 
in the cistern is on the same level with that in the tube. The lose 
of volume, duly corrected, if necessary, for temperature, &c., gives 
the hydrocarbons absorbable by bromine. 

Satisfactory determinations of olefins can be made by means of 
Hem pel's gas-burette or Lunge's nitrometer. H^atpeliMethoiU 
of 6a$ AnaL) states that the sulphuric acid method is the most ac- 
curate. 

When the proportion of olefins ia small, a known measure of the 
gas can be caused to bubble through a solution of bromine in car- 
bon disulphide. 

For the determination of the olefins in Uqtiid hydroearborw the 
bromine-reaction is still available, but the method of operating 
must be modified. The following modification of (he process of 
Mills and Snodgrass (Vol. II, Part 1, p. 63) has been extensively 
employed in the author's laboratory and found very useful for 
the examination of commercial products from shale and petroleum. 
An approximately decinormal solution of bromine is made by 
dissoMog 2 c.c. of bromine in 750 c.c of recently distilled carbon 
disulphide. This solution, which keeps well in the dark, ia ren- 
dered perfectly anhydrous by the addition of some lumps of dry 
calcium chloride. An accurately weighed or measured quantity of 
the dry hydrocarbon, weighing between 0'3 and 1*0 gram, or a 
measure of a solution of the oil in carbon disulphide containing a 
known weight of the hydrocarbon, is tben placed in a perfectly dry 
stoppered flask or separator, the solution diluted, if necessary, with 
carbon disulphide (kept over calcium chloride) to about 25 c.c, and 
then 25 c.c. of the carbon disulphide solution of bromine added. 
The flask is then closed, and the contents agitated. If the liquid ia 
distinctly red, sufficient bromine has probably been added, but 
should the solution be nearly or quite decolorised, a further addi- 
tion of a known measure of the bromine solution should be made 
without delay. The flask is then at once placed in the dark and 
kept there for a quarter of an hour, when an excess of an aqueous 
solution of potassium iodide is poured in, the contents agitated, the 
flask removed to a light place, and the solution titrated with a deci- 
normal solution of sodium thiosulphate, 24'8 grams of crystallised 
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salt per litre). The end of the reaction is indicated by the deoolori- 
Bation of the carbon digulphide, and is rendered sharper hj adding 
a few dropa of starch solution towards the end of the titration. 

Twenty-five c.c. of the carbon disulphide solution of bromine IS 
then placed in a similar flask, potassium iodide solution added, and 
the titration with thioeulphate conducted aa before. The difierence 
betweeo the volume of standard thiosutphate now required and that 
previously employed fur the titration in presence of the hydrocarbon 
is the measure of tbiosuiphate correept^ndiog to the bromine which 
has combined with the unsaturated hydrocarbons present. One O.c. 
of decinormal tbiosuiphate corresponds to O'OOS gram of bro- 
mine. The bromine solution keeps for a considerable time without 
change, and bence the verification of its strength is only occasion- 
ally necessary. 

It is absolutely necessary not to expose the hydrocarbon to the 
action of bromine in presence of stroug light. Even a very mode- 
rately diffused daylight is prejudicial, but gaslight has no sensible 
effect. Fifteen minutes should be allowed for the completion of 
the reaction. If much exceeded, secondary reactions are liable to 
occur, which give results in excess of the truth, more or less hydro- 
bromic acid being usually produced, the amount increasing with 
the time allowed for the reaction. On the other hand, the reacUon 
with bromineissometimesnotcompleted immediately. McArtbnr 
(J, S. C. I; 1888, 65) points out that moisture must be rigorously 
excluded, the bromine added must be twice the quantity required 
for absorption (ascertained by a preliminary experiment), and the 
oil solution roust be diluted with carbon disulphide to three times 
the volume of the bromine solution that is to be added. 

The foregoing process gives tolerably concordant results, and has 
been adopted by the author in place of a method described by him. 
self, in which the bromine was employed in aqueous solution. In 
its simplest form this process is conducted exactly in the manner of 
that just described, except that approximately decinormal aqueous 
bromine is need, instead of a carbon disulphide solution of that 
element, aud the potassium iodide solution is added directly after 
the oil has been thoroughly shaken up with the bromine water. If 
the bromine compounds formed are viscous and adhere strongly to 
the sides of the flask, so as to hinder the action of the bromine 
water, a few centimeters of carbon disulphide may be added, by 
which the oils will be dissolved, and may be brought in contact 
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with the bromiDe water by agitating. This method gives fairly 
ooDetant results, but thej do not represent simply the bromine 
asiimil&ted by the uoMturated hydrocarbon, Ac, of the sample, at 
oxidation also occurs to a very senaible extent. The results yielded 
are therefore in excess of those obtained by the carbon disulphide 
process, but they are fairly comparative, and for works-assays of 
shale and petroleum products the method will be found of service. 

Owing to the complex character of commercial hydrocarbons, a 
determination of the amount of bromine combimng with them does 
not give the means of calculating the percentage of olefins present 
If, however, a fraction of constant boiling point be prepared and its 
vapor-density ascertained, its mean combining weight could be 
deduced, and a determination of ita power of assimilating bromine 
would give a means of obtaining a close approximation to the pro- 
portion of olefins contained in the iVaction. This suggested method 
BBBumes that the fraction consists essentially of paraffins and olefins. 
Any admixture of hydrocarbons of other series would further com- 
plicate the problem. 

On this account it is proferable in practice to express the reentts 
of titrations as bromine-absorptions ; that is, in grams of bromine 
assimilated by 100 grams of the oil. If a known measure of the 
sample has been employed, the number of grams of bromine taken 
up by 100 c.c must be divided by the density of the sample to 
ascertain the bromine assimilated by 100 grams. 

It must be borne in mind that, besides olefins, many other sub- 
stances, both hydrocarbons and oxygenated bodies, assimilate bro- 
mine, and hence the " bromine-absorpdoD " of a complex mixture 
arises from several sources. Nor does the bromine assimilated by 
bodies other than olefins bear a constant relation to their molecular 
weight. Thus the hydrocarbons of the acetylene (ethine) series 
absorb either Br, or Br,, and the latter proportion is also assimi- 
lated by terpenes. Oleic acid reacts with Br„ liaolic acid with Br„ 
and phenol with Br„ a bromo substitution-product being formed in 
the last case. The results yielded by these bodies are described in 
the sections on oleio acid, turpentine oil, phenol, &c. ; and determi- 
nations of the bromine-absorptions of shale and petroleum products, 
rosin oil, and resins will also be found duly recorded. 

It is possible to determine the iodine-absorption of hydrocarbons 
by Hubl'a method, which gives results comparable with those 
obtuned by bromine if the former be multiplied by the factor 0*63. 
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The process U not well adapted for the examination of bydro- 
carbong, aa the reaction maj not be complete in less than twentj- 
four hoars. 



Etbines, Acetylenes, CgHu^ 

The substances correspondiog to this general formula may be 
based upon two BtructuralJy different arrangements. In one form 
it is assumed that one tnple linking exists ; in the other, that a 
double union occurs twice, thus : 



These structural differences are indicated by the dififarence in 
deportment with chemical agents. Those having the triple union 
are considered the true acetylenes. They form silver and copper 
compounds; the others do not. The higher members are readily 
polymerised with sulphuric acid of 1'7 sp. gr. With bromine they 
form C.H^ ,Br, and C.H,^,Br.. 

The formation of a copper compound is one of the important 
properties of etbines. To prepare this a solution of smmonio- 
CuprouB oxide should be made by treating copper -turnings in a 
separator with strong ammonia in presence of a limited quantity of 
air, until the blue liquid first formed has become colorless. The 
reagent is then run from the tap into a U tube fitted with a tube 
bent twice at right angles, the open end of which dips under water, 
so as to prevent contact of air. On passing a gas through the cup- 
rous solution, a yellow or red precipitate will be produced if etbines 
be present. If the precipitate be filtered from the liquid and treated 
with strong h}?drochloric acid, the ethine will be liberated. This 
reaction furnishes a means of isolating acetylene and its bomologues 
in a condition of purity. On treating the cuprous compound with 
ammonium hydroxide and zinc, the corresponding olefin will be 
produced, and may be identified by the proportion of bromine with 
which it unites. 

The silver-derivatives of the etbines may be obtained by substi- 
tuting an ammoniacal solutioD of silver nitrate for the cuprous solu- 
tion. A solutioq prepared by dissolving cuprous or silver chloride 
in ammonium hydroxide abtorbs etbines, but some of the hydrocar- 
bons are not precipitated by such a reagent, owing to their metallic 



3vGooglc 



ACETYLENE. ZU 

derivatives being Boluble ia ammoaium hydroxide coDtaJQing 
ammDntam chloride. 

By passing coal-gas through a cuprous solution, a copious copper- 
red precipitate is readily produced, the probable formula of which 
is C,H,Cu,0. By paaeiiig a current of hydrogen through varm 
coal-tar naphtha, shale naphtha, or " firet runnings," and then 
through the cuprous reagent, a yellow precipitate, couBiHtiog chiefly 
of the cuprous compounds of tetrine and pontine, is formed. It 
must be borne in mind that the house-gas supplied in American 
<»tiet is largely, often entirely, the so-called water-gas, consisting 
of carbon monoxide and hydrogen, enriched with petroleum pro- 
ducts. 

Acetylene, C,H„ has come into prominence lately as an illu- 
miuatlng agent. It may be prepared in various ways, but the only 
one of moment is the action of water ou calcium carbide, by which 
calcium hydroxide and acetylene are the only products. Acetylene 
IB a colorless gaa with a &int ethereal odor. It is usually regarded 
as highly poisonous, but several investigators deny this. As pre- 
pared from commercial calcium carbide it is quite impure, and the 
disagreeable odor and poisonous action attributed to the acetyleue 
itself are due to the impurities, especially hydrogen phosphides 
and sulphur compounds. The statement that acetylene causes the 
odor and annoyance developed by the imperfect combustion of 
illuminating gas, as when a Bunsen burner "strikes back," is, 
therefore, not correct. The following data concerning the maou- 
&cture and properties of commercial acetylene are mostly taken 
from a paper by H. F o w 1 e r : ' 

One pound of pure calcium carbide will require 0662 lb. of water 
and yield 1'156 of slaked lime and 0*4064 of acetylene, equal to 
6-5857 cu. ft. at 0° C. and 760 mm. The yield of good commercial 
carbide is about 5 cubic feet per pound. Water dissolves about 
I'l times ita volume, but a saturated solution of comrooo salt 
dissolves only about 006 volumes. Alcohol dissolves about 6 
volumes and paraffin about 2*6 ; acetone dissolves a large amount. 
Since the density of acetylene is nearly that of air, it diffuses 
slowly, hence the danger of formation of explosive mixtures in 
the neighborhood of a leak. The most violent explosion is pro- 
duced by a mixture containing 8-37 per cent, by volume of the 
gas. Acetylene is liquefied at 0° C. by a pressure of 21'5 atmos- 

■ Proc. of t\t (BWluf ) /uh'rtiK of dril Engintr; No. 3093, Mh. ISSS. 
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pheres; at 20° C bj a preMure of 42*8 atmoepheres. The oritical 
temperature is 37*05° C at 68 atmospheres. 

Liquid acetylene has a sp. gr. of 0*4, and is highly expansible. 
It is liable to explosive diseociatioa. The conditions under which 
this occurs have been extensively studied. Berth el ot and Vielle 
placed 18 grm. of acetylene in a small flask and fired the mass by 
means of a wire rendered incandescent by an electric currenL 
The pressure rose to 6638 atmospheres, and the carbon was left as 
a lump with brilliant suriace and conchoidal fracture. Explosion 
may also be brought about by fulminating powder, and even by 
fricUon. The presence of spontaneously inflammable hydrogen 
phosphide (PH,) is said to have been the cause of at least one ex- 
plosion. To remove this objectionable ingredient, Pictet uses a 
washing solution of strong calcium chloride, and then a lead salt 
at — 16° C', but even this treatment may not remove all the phoS' 
pboruB. The following are analyses of ordinary acetylene: 

FOWUK. OCTOH. 

Acetylene, 9S* 9874 

Hydrogen sulphide, trace 1-03 

Hydn^en phoapMdcfl, 0-038 0-33 

Ammonia, 0-03 

According to Chevastelon iAbtt.,J.S. C'. /., 1897, 828), acety- 
lene can be determined by titrating the free nitric acid produced by 
the action of the gas on a solution of silver nitrate. The reaction 
is represented as follows : 

C,H, + 3AgNO, = C,Ag,NO, + 2HN0,. 

The mixture must not contain any gases which react with nitric 
acid or which are themselves acid in character. The only data 
necessary fur the calculation are the volume, temperature, and 
pressure of the gas, and the final volume and acidity of the liquid. 
The Operation may be performed in a Baoult eudiometer, 20 c.c. 
of a ten per cent, solution of silver nitrate sufficing for a 60 c.c. 
eudiometer, distilled water being afterward run in until the pres- 
sure is equalised. 

The most serious impurity of acetylene, as prepared by the action 
of water on commercial calcium carbide, is hydrogen phosphide, 
which, like ammonia, appears to favor the formation of the explo- 
sive copper acetylide, and, if present in notable quantity, may ren- 
der the gas spontaneously inflammable. The hydrogen phosphide 
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ma; be determined by passing the gu, as it is liberated, through 
a solution of eodium hypochlorite, and precipitating the phoephoric 
acid formed by meana of magnesia mixture. If care be taken 
that all the reagents are free from sulphates, the hydrogen sulphide ' 
in the acetylene may be determined by acidifying the filtrate from 
the magnesium precipitate and adding barium chloride. It should 
be observed that the amount of hydrogen sulphide in different 
specimens of acetylene yielded by the same calcium carbide varies 
considerably, according to the conditions obtuoing at the time of 
preparation. Moreover, the whole of the sulphur in the gas does 
not exist as hydrogen sulphide. 

P. Wolff iCkem. ZeiL, xxii, 281) states that the tendency of 
acetylene to produce soot can only be avoided by the use of special 
burners, and that the employment of hypochlorites for removal of 
hydrogen phoephidee^asrecommendedbyLuDgeandCed ere re utz, 
will involve danger wheu notable amounts of ammonia are present 
in consequence of the formation of nitrogeu chloride. The ammonia 
should be first removed by thorough washing. Chlorine and 
moisture may be removed by subsequent treatment with lime. 
Acetylene thus purified has a faint ethereal odor, and does not attack 
copper or copper alloys. The stains on copper fittings when com- 
mon acetylene is used are due to copper phosphide. 

Lewes (J. Oat Lighting, Nov. 30, 1897) stetes that acetylene is 
much safer when diluted with other combustible gases. The beet 
diluent is a mixture of 30 per cent, methane with hydrogen, car- 
bon monoxide, or both. This diluting gas when mixed with ten 
per cent, of acetylene is a couvenieut substitute for coal-gas. 

Hempel and Kahl (Zeit. f. Ang. CAm., 1898, £3) suggest a 
volumetric method fur determining hydrogen phosphide in acety- 
lene. A solution of 15 6 grams of copper sulphate (CuSO^, 6H,0) 
in 100 C.C of water, te which were added 6 c.c. of dilute sulphuric 
acid (1 volume of concentrated acid to 4 volumes of water), was 
found to be the best al>gorbent. One c.c of the solution absorlied 
8 8 c.c. of hydrogen phosphide and 0*2 c.c. of acetjlene from 100 
c.c. of each gas. In the presence of mercury and excess of the 
solution of copper sulphate, the diminution of volume resulting 
from the absorption of hydrogen phosphide exactly corresponded 
to four times the volume present. Hydrogen phosphide produced 
by heating an alcoholic solution of caustic potash with ordinary 
phoBphoruB was mixed in various known proportions with nitrogen. 
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Mid the phosphide determined. The mean value was 62*4 per ceot, 
and mixtures of known volumes of this mixture and acetylene were 
examined bj agitating it fur three minutee, in a pipette sealed with 
mercury, with 3 c.c. of the copper sulphate solution. It was 
assumed that the hydrogen phosphide amounted to one-fourth of the 
diminution of volume. The test analyses were SBtJsfactory. 

Detection of Acetylene in Cases of Poisoning. — D. Vitali (Ab»t. 
Analyst, 1898, 11) recommends the following method: A sample 
of blood is mixed with 5 or 8 per cent, of pure dry acetone, placed 
in a retort, and distilled into an empty condenser and a set of 
absorbing bulbs containing more acetone. The retort is heated on 
a water-bath, thecoudeuser and bulbs kept cold in ice. The acetone 
passes over, carrying the acetylene with it, and the latter may be 
identified by its characteristic reactions. Hydrogen sulphide and 
phosphide, which often occur in the crude gas, also dissolve in the 
acetone, and can be sought for therein. 

Calcium carbide is prepared by the action of an electric current 
upon a mixture of quicklime and carbon (coke or anthracite coal). 
Pure calcium carbide is brown, but the commercial form is a hard, 
grayish, slag-like mass, which, when exposed to the air, usually 
emits an odor of hydrogen phosphide, and slowly crumbles to a dry 
powder. It is often irregular in quality. A considerable propor- 
tion of free carbon may often be observed in it, and great care 
must be taken in sampling. Water acts violently on calcium 
carbide, but a strong aqueous solution of zinc chloride acts much 
more slowly. Calcium carbide may be used for the det«ctioD and 
estimation of water In alcohol, since absolute alcohol is without 
action upon it. 

A method for the assay of calcium carbide has been published by 
LungeandCedercreutz(.d6af.J:8.C./., 1897,1046). Onehun- 
dred grams of the material should be used. The apparatus is a 
gas holder having a capacity of forty liters. A saturated solution 
of common salt should be employed as a seal. In exact work this 
must be previously saturated with acetylene. If plain water be 
used as a seBl,a correction must be made for the acetylene absorbed. 
The reaction is most conveniently carried out in an apparatus 
arranged to cause the carbide to fall into the salt solution by 
degrees, but the reverse process may be employed. 

Twosamplesof calcium carbide examined byLunge and Ceder- 
oreutz evolved, as the mean of several tests, O'l 436 grm. (94-1 co.) 
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and 338 grm. (222 ca) of hrdn^en phaaphide per ^ognm of 
orlmle rapectiTcly. 

Separation of Various Hydrocarbons. 

The Kparation of indiTidual hydrocarbons from complex mix- 
tora is often effected bj procesBes of fractional dUtillation, fiisioD, 
Ac Basic safaetaDoee may be removed by agitation with diluted 
Hilplmric acid, and phenoloid and acid bodies bj treatment with 
caustic soda. The reaidual hydrocarbons, even when of perfectly 
constant boiling and melting points, often contain, however, aeveral 
isomeric hydrocarbons of the same series, as well as memben of 
several isolc^oas series. 

The analysis of mixtures of ^fdroear6on« of d^ereiU leria u 
nsuallj difficult, especially when their fusing and boiling points 
are approximately the same, in which ease the methpds of fractional 
fusion and distillation are not available. The following prinoJplcB 
may be eucoeBsfiilly applied to the analyus of complex mixtures 
which have been previously treated by fractional distilladon, Ac, 
to as to reduce them to approximately parallel products : 

The hydrocarbons of the methane teriea are not acted on by bro- 
mine in the dark or in diffused daylight; but the hydrocarbons of 
most other series form compounds having higher boiling points 
than the original bodies. Hence the paraffins may be separated 
from the resultant bromo-oom pounds by fractional diatilladon, 
preferably conducted under reduced pressure, or in a current of 
steam. The ol^na form dibromides, from which, as also from the 
bromides of other series, the original hydrocarbons may be regen- 
erated by warming with alcohol and a oopper-zinc couple. 

By treatment with bromine and water in sunlight, the paraffins 
are converted into monobromo-substitution- products, the aqueous 
liquid containing an amount of bromine, in the form of hydrobromic 
acid, equal to that which has entered into the hydrocarbon. By 
separating the aqueous liquid, removing free bromine by agitating 
with shale naphtha, and estimating the hydrobromic acid formed, a 
determination can be made of the amount which has combined 
with the paraffins present 

By treatment at 100° C. with concentrated Eulphurio acid of 

1'845 specific gravity, all hydrocarbons except those of the paraffin 

series are oxidised, polymerised, or converted into sulphouic acids. 

On adding wal«r or solution of sodium hydroxide, separating the 

vol- II, PT. II.— 3 
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residual <h1 from the aqueous liquid, and diBtilling the former, the 
UDchftDged paraffia§ will pass over, while the polymerised oleGos, 
terpenes, <Scc., will not distil until a much higher temperature is 
reached. From the aqueous liquid, acidulated if neceasarj, many 
of the hydrocarbons which form soluble sulphonic acids (e. g., 
benzene, toluene, &c.) may be recovered by distillation with steam. 
In many cases it is better not to employ very concentrated sul- 
phuric acid, but to treat the hydrocarbons repeatedly with a 
mixture of 2 measures of strong acid (sp.gr., 1-845) tol measure of 
water until no further action takes place, and then with a stronger 
acid (4 acid : 1 water). 

All hydrocarbons except those of the paraffin series are readily 
attacked by warm nitric acid of 1'46 specific gravity. In some 
cases nitro-Gom pounds are formed, while in others products of 
oxidation result. The nitro-com pounds distil at a higher tempera* 
ture than the hydrocarbans from which they are derived. 

Acetyleoe and some other hydrocarbons of that and the next 
series form metallic compounds on treatment with an ammoniacal 
solution of cuprous chloride, or of silver nitrate. These derivative 
are solid bodies, insoluble in water, but decomposed by hydrochloric 
acid with liberation of the original hydrocarbon. 

The hydrocarbons of the naphthalene series and many of the 
subsequent series form with picric acid and other nitro-com pounds 
characteristic crystalline compounds, which may be decomposed by 
alkalies with formation of the original hydrocarbons. 

Destructive Distillation. 

Non-volatile organic substances heated without access of free 
oxygen undergo complex decomposition, by which volatile products 
escape and a residue of carbon, more or less pure, is left. If the 
body consists only of carbon, hydrogen, and oxygen, the last two 
elements are found in the dintilled portions, together with the 
greater part of the carbon. Sulphur and nitrogen are also princi- 
pally converted into volatile compounds. Slow heating will some- 
times produce volatilization with little or no change. The nature 
and proportions of the bodies obtained will be dependent on the 
character of the substance distilled, the temperature of the retort, 
and other conditions. When the heat is moderate, methanes are 
chiefly produced ; but as the higher members of this series readily 
split up into lower members and etbeoes, the latter bodies are 
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nearly always present. By further degradation ethinefl are formed, 
whilst benzene and ita homologues contain a atill smaller propor- 
don of hydrogen. 

When the temperature is high, hydrt^n, ethine, benzene, and 
naphthalene are the chief nnoxygenated products. Thus, eoal being 
distilled at a high temperature for the manufacture of coal-gaa, the 
condensable hydrocarbons coneiet chiefly of benzene and its homo- 
logues, and naphthalene. At a somewhat lower temperature the 
hydrc^D and acetylene disappear, together with moat of the naph- 
thalene, while chrysene and a larger proportion of benzene are 
formed. 

At a dull red heat, such as is employed for the distillation of 
bituminous shale, the liquid products are wholly free from benzene 
and naphthalene, wbibt little or no hydrogen or acetylene is 
present in the gases. On the other hand, the distillate is rich in 
methanes and ethenes, with some anthracene and chrysene; the 
oxygenised and nitrogenised products consist chiefly of substances 
of the formula CoHi^,OH, and other phenoloid bodies, and bases 
of the formula CaHh-jN (pyridine bases), although the correspond- 
ing series, C,Hn-«, — >'■ e., benzene and its homologuee, — is almost 
wholly absent. 

When wood is subjected to dry distillation, the volatile products 
are practically free from compounds of nitrogen and sulphur. The 
watery portion of the distillate &om wood, peat, and lignite has an 
aeid reaction, owing to the presence of acetic acid. In other respects 
the products of the distillation of wood, as ordinarily conducted, are 
a mixture of low- and high- temperature products. 

When the temperature of the distillation is low, a large yield of 
liquid products is usually obtained, tt^ther with a small yield of gas 
of high illuminating power. At a high temperature a maximum 
production of gas of low illuminating power results, while the propor- 
tion of liquid products is small. The higher the temperature of the 
retort, the lai^r the percentage of solid carbonaceous residue (coke 
or charcoal) left in it. 

The three cases aflTorded in practice by the treatment of coal, 
shale, and wood may be regarded as typical of the changes attend- 
ing the destructive distillation of oi^anic substances, though others, 
such as bone, rosin, and oil, yield special products of some practical 
interest. Too much stress cannot he laid on the fact that the nature 
of Che products depends not only on the nature of the substance 
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treated, but alao on the circunMUtnces nailer Trhich the operaUon is 
couducted with regard to temperature and other conditioos. 

The fullowing table indicates the general nature of the more 
prominent volatile organic products of the dry diBtillation of coal 
(for the inauuiacture of illuminating gas), bituminous shale, and 
wood, aa the procesta are carried an tn practke. To facilitate com- 
pariBOQ, the leading constituents of American petroleum are shown 
in juxtaposition : 



Okoihio Pboddoi*. 


Cou. 


Shalb. 


Wood. 


PcnouEini. 


.^dnMO 


Bmill, 
3m.ll,' 

L.rg.. 

s:™b^ 

PrsMOt. 
Pnmt, 


Tr«»i, 

L-rge. 

VerjlETg., 
Prwnt.' 

Prwal, 

I*rge, 


AbKOl, 

Piwent, 

Mod'entc, 
Uodenlr, 

L«ft 
Urga""" 

Non^ 


PtmooI. 
Prw»t. 

PmnL 




llSE'™^;^™**; .... 




UquidandSolid flsrffwor*™. 

soHSpinfflM??'. : : : : : 

Liquid eth Han, 

Liquid HstT)eDS((athlD(a1, 


°Effir^ 


OiTpiMDoli (oreoMM), . . . 
tfUTosniml Bodiei. 

iSSTSS^: :::::; 




3ulplH.r amp«ad,. 



It will be seen from this table that the products of the dietilla- 
tioD of each of the ravr materials contain certain characteristic 
bodies. Thus, oxygenated products are found most largely in the 
products of the distillation of wood ; paraffins are eepeeiaily charac- 
teristic of petroleum ; olefins, and, to a lesser extent, paraffins, of 
the distillation of shale ; whilst coal tar, as obtained in the manu* 
&cturing of illuminating gas, is remarkable for the ramparatively 
large proportion of benzene and naphthalene contained in iL 
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TARS. 

By the deetrnctive distillation of organic bodies and bitaminous 
miaerals three olsaees of products are generally obtaiDed — namely, 
gas, watery liquid, and a viscid, dark-colored oil. or tar. The 
methods of assaying the gaseous products do not come within the 
scope of this work. The watery liquid from wood, peat, and lignite 
is acid, and its examination is described in Volume I. The watery 
liquid from the diatillaUon of coal, shale, and bones is strongly 
alkaline, the first of these constitnting the " ammoniacal liquor " of 
IJie gas- works. 

Tar is a brown or black viscid, oily liquid, of a more or less 
characteristic odor, according to its origin. The composition of tar 
varies widely according to its source and the conditions of diatilla- 
Uon. Wood, peat, and lignite tars are acid ; coal, bituminous shale, 
and bone tars are alkaline. On repeatedly ^itating the tar with 
water, the soluble matters to which the acid or alkaline reaction 
was due may be more or less completely removed. 

All tars consist lai^ly of hydrocarbons, but oxygenised and 
nitn^nised bodies are sometimes present in considerable propor- 
tioD. All tar, being of very complex composition, and consist- 
ing in the main of volatile bodies, the most instructive method of 
examining it consists in subjecting it to careful distillation, collect- 
ing apart the distillates obtained at different temperatures, and 
Bobsequently fractionating these products with the view of effecting 
a more perfect proximate analysis of the material. Toward the 
end of the distillation the tar remaining in the retort becomes more 
and more viscous, uid if allowed to cool, sets to a solid, brittle, jet- 
black mass known as pUch. If the distillation be pushed further, 
eote is obtained. 

Tar frequently cont^ns a considerable proportion of water which 
should be separated aa far as possible before distillation. This is 
best effected by giving the mass an occasional gyratory motion, and 
removing each quantity of water by decantation as it separates. 
Water causes tar to froth during distillation. 

For the method of conducting the distillation, no general instruc- 
tions can be given ; much depends on the character of the tar, the 
information desired, the scale on which the operation is to be con- 
ducted, and other conditions. The process should be conducted in 
the simplest snitable apparatus, and the distillate collected in a very 
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moderate number of fractioDS, all refinemeotB of fractional dJBtilla- 
tion being reserved for the treatment of the products first obtained. 
In the first distillations the more volatile coDstituenta are rebuoed 
in the retort by those of higher boiling point, and it is only after 
being separated tolerably perfectly from these that they distil at 
temperatures approximating to their true boiling points. 

The separation by fractional diBtillation having been carried out 
as far as appears desirable, a further proximate analysis of the dif- 
ferent fractions may be made into basic, acid, and indifferent 
bodies. Thns, by agitating one of the fractions with dilute sul- 
phuric acid, any basic bodies (e. ^..ammonia, methylamine, pyri- 
dine, acridine, &c.) will be dissolved in the acid liquid, and can be 
recovered by appropriate means. On agitating the residual oil 
with sodium hydroxide soludon, first dilute, and then somewhat con- 
centrated, any organic acids, phenols, or phenolotd bodies will be 
dissolved, and can be recovered by separating the alkaline liquid 
and adding a slight excess of dilute sulphuric acid. The nentral 
bodies which have not undergone solution either by the treatment 
with add or with alkali consist essentially of hydrocarbons. Par- 
ticular processes are suitable for special purposes. Thus, benzene 
may be crystallised out by subjecting the more volatile fraction of 
coal-tar naphtha to a freezing mixture ; naphthalene readily sepa- 
rates from oils containing it, especially after removal of the phenols 
by caustic soda ; while the presence of anthracene can be inferred 
from the formation of anthraquinone by the oxidation of a certain 
high-boiling fraction of the tar. The hydrocarbons of the different 
series may be successfully differentiated in many cases by their 
behavior with reagents, especially with bromine, nitric acid, and 
Strong sulphuric acid, in the manner indicated on page 22. 

The following sections contain detailed descriptions of the char- 
acters and methods of examining tar from bituminous shale and 
coal. Tars of some other origins are also briefly described. 

Shale Tar. Crude Shale Oil. 

The crude oily liquid obtained in the south of Scotland by the 
deetructive distillation of bituminous shale ia an olive-green, strongly- 
smelling, viscous liquid. The specifio gravity of the product from 
the old form of retorts is 0890 to 0891, and from the new kind 0^65 
to 0'870. The composition of shale oil has not been so thoroughly 
investigated as that of coal tar, but it has been proved to be of ex- 
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tremely complex nature, the following being among the more 
characteriBtio and important subetances hitherto recognised in it : 

Hydrooarbom of the Methane eeriei; most of the members from 
C(H^ to C„H„ being probablf present. 

Hydroearbont of the EUiene teries; moat of the members from 
CfH, to C„H^ being probably present. 

Hydrocarbon* of tKe AUylene (itoethine) ttriea; e.g., (^H,,, C,Hi,, 
and C,H„. 

Hydrocarbons of the Bemene teriet; present only in minute 
amount, and probably often wholly absent. 

Oolj traces of oaphthaieoe and anthracene are found in shale 
tar, but notable quantities of pyrene and cbrysene occur. 

NUrogenUed bodiet. Shale tar contains ammonia, a considerable 
proportion of pyrroline, and members of the pyridine series (spe- 
cially coridine, rubidioe, and viridine), bat neither aniline nor any 
of its homolognes has been detected. 

Oxygenated bodies. Besides traces of adds of the aceUc series, 
shale tar contains a notable proportion of pheDols and oxyphenols 
onalogoQs to those present in wood tar. Thymols and analo- 
gous bodies have been found in the fraction distilling between 215° 
Md 290°. 

Sulphur eompmmdt exist in shale tar, but their exact nature baa 
not been ascertained. Shaks containing much sulphur give little 
paraffin wax on distillation, and a low yield of other products. 

The method of treating shale tar on a large scale difiere in dif- 
ferent works, but consists essentially in repeated fractional distilla- 
tions, alternated by treatment of the several fractions with sulphuric 
add and sodium hydroxide, and sometimes sodium carbonate, 
together with refrigeration of the high-boiling fractions to cause 
tbe crystallisation of solid paraffin. This is separated from the 
adhering oil by pressure, and the crude paraffin scale which results 
is purified by appropriate methods. 



Assay op Cbtide Shale Oil. 

The examination of crude shale oil is frequently required, in order 
to ascertain the proportions of naphtha, burning oil, lubricating 
oil, and "scale" or crude paraffin wax it is .likely to yield on a 
large scale. The assay is best made by treaUng a known quantity 
of the oil as nearly as possible in the same manner aa that em- 
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plojred in tbe man ufactu ring procese. For the following descrip- 
tion the author is indebted to Mr. R. Tervet: 

All statements of quantities refer to measures, and the paraffin 
scale is similarly expreased, the volume being calculated from the 
weight. When not otherwise described, the term "acid " signifies 
BulphuriG acid of 1'85 specific gravity, and the term "soda" a 
solution of sodium hydroxide of the specific gravity stated in the 
appended parenthesis. The percentage proportions of add and 
soda prescribed refer to 100 measures of the fraction to be treated, 
and not to 100 parts of the crude oil. 

A. 1000 c.c. of the crude oil should be employed for the assay. 
The specific gravity should be noted, also the specific gravity and 
volume of the various products at each stage of the process. The 
oil is distilled to dryness with the aid of a current of steam, the 
distillate being collected in a capacious separator. The residue 
ConsistH of coke. 

B. The distillate or " once-run oil " is warmed to about 40" C. by 
immersing the separator in warm water. Any water which sepa- 
rates is tapped oflT, and the oil is treated with 5 per cent, by measure 
of sulphuric acid (sp. gr., 1'70) and agitated for not leas than ten 
minutes, immersing the separator in water at about 35° C. to pre- 
vent any notable rise of temperature. After standing at this tem- 
perature for half an hoar, the " acid tar " will have separated, and 
may be run off. 

C. The acid-washed oil is next washed with 16 to 20 c.c of soda 
(■p. gr., 1*30), and again kept warm for half an hour to allow the 
"soda tar" to separate, when it is run off. 

D. The oneepurified oil is then measured and its density observed. 
It is next transferred to a clean etlll, and again distilled to dryness, 
but the distillate is collected in two or more fractions, according to 
circumstances. These are (E) naphtha, (F) light oil, (G) heavy oil, 
and (H) still-bottoms. For the first product, only yielded at this 
stage by certain crude oils, the receiver should be changed when the 
distillate baa a density of 0*780. The process is then continued until 
a drop of the distillate, caught on a well-cooled spatula aa it lalls 
from the neck of the retort, shows signs of solidifying, when the 
receiver is changed. The product to this point is (F) " crude light 
oil." Toward the end of the distillation for heavy oil a thick 
viscid product of a brown or yellow color is sometimes obtained, 
containing a large proportion of ohrysene. When this prodoct (H) 



A>Oi^lc 



BHALB OIL. 



ftf^wuB, tbe Kcdver Bboold be changed, for if allowed to get 
into the heavy oil it would preveot the paraffin scale irom crystal- 
liuDg properly, and would effectually prevent the oil from being 
separated from the scale by pressure. The best plan la to add these 
objectionable ttill residues to the crude light oil (F), where it will be 
again treated with acid and alkali, which removes the chrysene, 
and the intermixed heavy oil will go back to the main quantity. 

I. The enuU light oil (F) from the last distillation is agitated with 
2 per oent. of strong sulphuric acid, the acid separated, the <ul 
washed with excess of soda (sp. gr. 1'36), and the alkaline Bolution 
separated. The mixture should not be wormed to promote the sepa- 
ration of the acid ; the operation should be conducted at the ordi- 
nary temperature. 

J. The washed light oil, after observing its measure and density, 
is distilled to dryness, the distillate being collected in three fisctions, 
as before — namely, naphtha (up to ip. gr. 0750) (E), light oil (M), 
and heavy oil. The last product should be added to O. 

K. The ttajAiha may either be added to that obtained at a pre- 
vious Bti^ (£),aDd the density and total measure of the product 
observed ; or, if not in large quantity, it may be added to the light 
oiL 

O. The light oil, or crude burning oil (M), from the redistillation 
of E, after being mixed with any fractions obtained by redistil- 
lating the heavy oil, is washed with 2 per cent, of acid (sp. gr. 
1*845) without warming and then agitated with excess of dilute 
soda (sp. gr., 1*020), when its specific gravity and volnme are 
recorded as the yield offiniehed burning oil (F). 

Q. The cntde heavy oil (G), together with the fraction (N) ob- 
tained by redistilling the light oil, should next be poured into a flat- 
bottomed capsule or plate, and allowed to cool very slowly, in order 
that the crystals of paraffin may have time to develop. It is then 
further cooled to a temperature not above — 3° C, and preferably as 
low as — 12° C. The cooled cake is next wrapped up in a closely 
woven linen cloth, which has been previously saturated with lubri- 
cating oil, A gentle pressure is then applied until the bulk of the 
oil has drained out, aft«r which the pressure should be increased 
nntil no more oil can be obtained. The paraffin teals (R) is then 
detached from the cloth and weighed. 

8. The " bbte oil" separated by pressure from the paraffin scale is 
washed first with 3 per eent. of strong add, then with excess of 
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Boda (ep. gr., 1*33), meuured and distilled to dr^neaa, the products 
being buraing oil (U), iotermediate oil (V), and unfiniBhed lubri- 
cating oil (W). The first of these is added to M for further purifi- 
cation. 

y. The intermeduUe ail produced in the last process may either be 
added to the unfiDished burning oil (O), or may, if thought requi- 
site, be purified bj washing ia succession vith 2} per cent, of con- 
centrated sulphuric acid and ezcees of weak soda (sp. gr., 1'020), 
when the measure givea the yield of jinitked intermediate ail, having 
a density of about 0850. 

W. The un/!nuA«(i/uMeaimi7 0t/is similarly purified by treatment 
vith 3 per cent, of sulphuric acid (sp. gr., 1*845) and excess of soda 
(sp. gr., 1020), vrhen the gravity and volume are noted as those of 
the finished lubriaUing oii. 

The tabular arrangement on page 43 shows the process in a con- 
cise form, together with the densities and volumes of the products 
actually obtained in the assay of a sample of crude shale oil. 

Thus the finished products from the sample examined were: 



Pboddct. 


P«iiCinrr.i 
BI Measuu. 


Srecinc Gb4T 


FOIWT. 




4-0 
IO-6 




49-5 


BuniinBoil 

Intermediate oil 

LnbricatiDg oil, 


Total, 


70-2 



If the naphtha obtained at the second stage (K) and the inter- 
mediate oil (V) were added to the burning oil, the volume of this 
would be increased to 36*6 per cent., without Bensible alteration, 
while the yield of naphtha would be only 2 per cent of 0780 
specific gravity. This is an unusually high figure for naphtha, 
0'730 being about the average. 

The method of assay described represents closely the process of 
treating shale oil adopted in practice, though difierences in detul 
will be observed. 

Instead of the foregoing method, it is sometimes sufficient to make 
a fractional distilladoD of the sample, collecting the distillate in 
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portioDs of 5 per cent, each, and noting tbe densit; of each fraction 
and the solidifying point of tbe high-boiling fractiooB. 

The methods of examining the naphtha, burning oil, lubricating 
oil, and paraffin scale which form the proximate products of the 
distillation of crude shale oil are described in tbe section on " Pe- 
troleum and Shale Oil Products." 

BlUAST-FUBKACE TaB. 

Tbe tar produced by cooling waste-gaaee firom blast fumaoes 
consuming bituminous coal has been examined by Watson Smith 
(J. S. C. I., 1883). The sample bad a density of -954, and on dis- 
tillation gave the following results: 







SpKciric 


Distillate below 230° C, . . , 

„ from ijo" to 3000, . 

from 300° till oilB> 

solidify, . . / 

„ BolidifyinB on cool- 1 

ing, or soft paraffin scale, . / 

S^^ ::;::::::: : 


f Water, 30-6 by volame. 
toil. :.-9 „ 
7-0 >, 
'3-0 

167 „ 
SIS by weight 
5-5 


1-007 
■971 
■994 

■987 



On further fractionation and treatment with solphuric acid and 
caueUc soda the following products were obtained : 

VoLOlill. 

Tar bases, iolnhle in salplinric add, iO'6 

Pbenola and tar-acids, loluble in Bodiom bydroxide, S'6 

Neutral oils, iS-a 

Bofl paraffin scale 5-7 

(Yielding solid paraffin, O'M per cent) 

The pbenoloid bodies are further deecribed under the head of 
"Blast Furnace Creosote." 

Of the neutral oils, only an insignificant fraction distilled below 
180° C. Tbe density of successive fractions rose from '858 to '980. 
No naphthalene could be separated from an appropriate fraction by 
cooling it with ice and salt. The intermediate oils are not specially 
good as lubricants, nor are they suitable for burning in lampa. 
The fractions distilling between 260° and 350° C. poasessed a deep 
greeo fluorescence, and closely resembled heavy lubricating oil 
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firom flhale. On treating the soft paraffin icals with glacial acetic 
and chromic adds, lolid paramo waa obtained, and a lai^ propor- 
tion of a pitohj deposit wa« fermed, but no anthraquinone, pro* 
duced by the oxidation of aQthraceoe, could be detected. 

Tab fboh Jam ebon Coke-Ove3(b. 

Id the recovery of secondary products from coking coal accord- 
ing to the Jameson process, a tar is obtuned vhich in its leading 
features resemblea the blast-furnace tar and shale oil just described. 
The neutral oils have very little viscosity, and are unfit for burning 
in lamps. Toluene and xylene are present in trifling proportion. 
So naphthalene or anthracene appears to be present, but a notable 
quantity of paraffin wax is obtainable. The phenoloid bodies exist 
in coDuderable proportion. They contain little or no phenol. 

Tab from BiMOK-CAKviss Coke-Ovehb, 

This tar is the product of the distillation of coal at a high tem- 
perature, and hence approaches in composition the tar obtuned in 
the manu&cture of illuminating gas from Newcastle coal. The 
proportion of benzene and toluene is low, probably owing to im- 
perfect condensation, but the tar ia very rich in naphthalene and 
anthracene, though the proportion of intermediate and anthracene 
oils is very small (Watson Smith. J. 5. C. /., 1883, 500). 

The utilization of coke-oven products has become an important 
industry. A plant is in operation at Hali&x, N, 8., supplying 
illuminating gas as well as tar products, and a large plant is being 
constructed near Boston, Mass., U. 8. A. The plants used in 
thesecaseaare termedOtto-H of f man n ovens. H. O. Hofman 
(Teeh. Quar., Dec., 18d8) gives the following data from the results 
at Halifax : 

PlIBD SdlPHOI AMD 

Cabbuh. Vol. Witeb. Asu. Oxtokn. Nitrmbh. 
Coal, percent., . 59'S^ 34'6o 584 1380 'S' 

Coke, ,, ■ 69-81 I-Z7 S-91 (PhcBpboras, 00041) 

The yield of the varioos products was, in per cent. : 

COKB. Tab. Qab. Qui LntOOB. AmQBU. 

7113 338 16-43 8-17 (by difference) 034 

HTdrogen sulphide in gas, ■ - - 0-048 
Ckrban diBolphide „ „ ... 0-007 
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The gaa amounted to 10,390 cu. ft. per long ton ; ep. gr., 0*466. 
Tlie results of fnustional distjllation of different umples of the tar 
are shown in comparison with average German gas- house tar : 

°C OTTD-HorPKAn Tab. Av. Gbb. Gas-hqdbbTab. 

Light oils, . 

Middle,, . 
HesTj „ 
Autbraccoe, 



Pitch, , 



80-170 


37 


6S5 


30 


2-5 


170-330 


9-8 


IOS4 


a-S 


2-5 


230-870 


iz-o 


7-6» 


335 


250 


ajo 


4-3 


44-35 


lO-S 


10 -0 




670 


3° 55 


45-4 


60-00 



Hofmao also pves a oomparative table of the more detailed 
fractionation of the coke^ren tar in comparison with gas-house 



Water, ag 2-2 

LiEbt oils, bnniiiig at 200° C, . 4-0 3'4 

Aniline bensols, O'gz I'l 

Solvent naphthft, o-a o-^x 

CieoeoM oils, 8-6 14-5 

Crude naphtbaleue, 7'4 27-3 

Pure anthracene, o*6 07 

Pitch 584 444 

Wood Tar. 

The products of the destructive distillation of wood are verj 
numerous, and vary much with the nature of the wood and the 
temperature at which the process is conducted. But under all cir- 
cumstances the volatile products are characterized by the large 
proportion of ozygenised products contained in them, and by the 
small proportion of sulphur and nitrogen compounds. Among the 
gaseous products are carbon dioxide, carbon monoxide, hydn^en, 
and some methane. The aqueous portion of the liquid distillate, 
known as crude pyroligneoaa add, usually forms from 28 to 60 per 
cent of the weight of wood distilled, and contains chiefly acetic 
acid, methyl alcohol, allyl alcohol, and acetone, with many other 
bodies in smaller proportion. 

The "tar," or oily portion of the crude distillate from wood, 
averages from 7 to 10 per cent., and is a complex mixture of 
various liquids holding solid matters in solution. On distillation 
between 70° and 250° C, Kussian wood tar yields oils of a density 
ranging from 0'641 to 0*877, and leaves a residue of pileh, consist- 
ing of solid paraffin, various resinous matters, pyrene, chrysene, 
and other hydrocarbons of high boiling point. 
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On rediitillation the tar-oils yield the following products: 
Below 100" C. ; &ttr acidB, s;lrau« (0^11,0], meOiyl almtiol, ben- 

Between 100° and 150° ; benzene homologaes. 

Between 150° and 200° ; benzene homolognes, pbenols, snd oijphenola. 
Between 200° and S60° ; pbenolB and oxTpheaols, lignoceric add 
(C^H^O,), oaphtbalene, letene, paraffin wax. 

The lower paraffios appear to be absent from the tar, but the 
permanent gaees produced by the distillation of the wood contain 
metbane. If the oils of wood tar are exposed to a high tempera- 
ture, they are partialij converted into heavy gaeeouB hydrocarbons. 
"Wood-gu" is manufactured in this manner, and contains, when 
purified : 

Hydrogen, 487 to 187 

Methane, 35'3 to 9"4 

Etbene and its bomolagnca, io'6 to 6-5 

Carbon monoxide, 61 -S to 22 -3 

{lighty per cent, of tbe more volatile portion of Swedish wood tar 
consists of a mixture of two terpenes : australene, boiling at 155° ; 
and sylvestrene, boiling at about 175°. The most important pro- 
duct &om wood-tar is the mixture of phenoloid bodies known as 
creosote, the method of examining and the nature of which are 
described later. 

Stockholm Tab, used in shipbuilding, is the product of a rude 
distillation of the resinous wood of the pine. It contains much 
resin and turpentine, and has applications for which the tar ob- 
tained in the manufacture of pyroligneous acid cannot be substi- 
tuted. It has a density of 1'04, and on standing usually deposits 
a granular, crystalline matter consisting mainly of pyrocatechd. 
Water agitated with the tar acquires a light brown color and sharp, 
bitterish, taste. The aqueous liquid is colored transiently green by 
ferric chloride, owing to the pyrocatechol ; lime water acquires a 
permanent brownish-red color. When Stockholm tar is heated, 
water, acetic acid, and impure turpentine oil are volatilised and 
ordinary pitch remains. 

Coal Tar. 

Coal tar, as obtained as a by-product in the manufacture of 
illuminatiDg gas, is a black viscid fluid of complex compoi^iLion and 
characteristic disagreeable odor. The specific gravity ranges from 
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110 to 1-20, being usually between 112 and MB. It usually 
contains eoro« ammoniacal liquor, and some of the coustituenta of 
the illuminating gas. 

The first treatmeat of coal tar on a large scale conusts in dis- 
tilling it and collecting the distillate in three or four fractions. 
The temperatures at which the receivers are changed differ consid- 
erably in the practice of difierent works, and hence the products 
are far from being identical. The following table repreaenls three 
methods of fractionation which are largely employed : 



^ 


>. 


^ 1 


PW.DUCT. 


'J^ 


P»orccT. 


Distil- 






Crude Dtiihtlu, 
orligbtolb, . . 

En<T oik, dud 

oii>! 

at™"": 


X".?: 


Flnt ruDDlnn, 

or flm iije. 

Second light oil*', 
CrboliooLI., . . 


xHS 


cH-ot- ■ ■ ■■ 

Pilch, ....'.. 


otoiio 

nolo 170 

ii5lo»70 
J7o"36o 



The arrangement on page 50, takeii with certain alterations from 
a table published by E. J. Mills, shows the general method of 
treating coal tar in works employing method C of original frac- 
tionation. 

During the first part of the process permanent gases are givea 
off, while the fluid distillate consists of ammoniacal water and the 
most volatile constituents of the tar proper, together with sensible 
traces of leas volatile bodies, carried over mechanically or volatilised 
in company with the steam, &c. The ammoniacal liquor forms a 
lower layer which can be readily separated from the first light oils. 
The point when the shoot should be changed is indicated pretty 
accurately by a "break" or comparative cessation of distillatioa, 
together with a peculiar noise known as " the rattles." On further 
heating the distillation recommences, and the second light oils come 
over regularly. The point for again changing the shoot is, in some 
works, that at which a sample of the distillate sinks in water 
while in other cases the solidification of the distillate on cooling 
from the crystallisation of naphthalene, is the indication relied on. 
At & higher temperature a distillate is again obtained, which 
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remains liquid od cooling. The commeDcemeat of the anthracene 
oil period may be ascertained by & thermometer immersed in the 
vapor, but is commonly deduced from the quantity of the distil- 
Ute. It may also be cooBidered to commence at the point when 
the distillate again deposits solid matter on being completely cooled. 
Sometimes the anthmceDe oils are Eubdlvided into first and second 
"green oils" and "red oil." The distillation is sametimes stopped 
vhen the oil seta to the oonsistence of butter on cooling, but is non 
usually pushed as far as possible short of actual coking, the residue 
remaining in the retort consisting of pitch, which, afler cooling, is 
run out into tanks. 

The proportions of the various products obtained necessarily 
vary lai^ely with the character of the tar distilled and the details 
of the mode in which the operation is conducted. These differ in 
different works and in the same works at different times. 

If the coal be distilled at a low temperature, a considerable 
amount of methaoea and other open-chain compounds are formed ; 
distillation at high temperature increases the proportion of closed- 
chain hydrocarbons. At high temperature, however, much carbon 
is deposited in the free state by contact of the distilling substances 
with the hot walls of the retort. The resulting gas is, therefore, 
lighter than that produced at a low temperature. This fact is 
practically applied in filling large balloons. When possible, the 
engiueer works a bench of retorts at a high temperature, and thus 
obtains a gaseous mixture containing more methane and free 
hydrogen, and hence of greater lifting power, than a gas from a 
lower heat. For yields of English tars, see pages 53 and 54. 

The general composition of the various fractions obtained by Uie 
distilla^on of coal-tar will be regulated chiefly by the boiling 
points of the leading constituenta, but the vapor-densities, vapor- 
tensions, and relative abundance of the constituents of the tar also 
largely affect their behavior in the still- Thus, naphthalene is 
found in notable quantity in all the fractions from second light oils 
to anthracene oil, and is even deposited from the purified illumi- 
nating gas itself. 

The synopsis given on page 51 of sabstances obtained from or 
presumed to be present in coal-tar is transcribed from Lunge's 
"Coal-tar and Ammonia," and supplemented by reference to data 
from Richter's " Organic Cfttmitiry" (3d Amer. edition, trans- 
lated by Smith). For analytic data, see the special descriptions. 

VOI„ 11, PT. 11.— 4 
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CoHSTirDENTe OF COAL-TAS. 

I. Hydbocabboks. 

a. MeQume*, CH, to C^H^. 

h. Ethenes, C,H. to C,U„. 

t. £tbin<« (Acetylenes), C,H, to C(H„ ; C„Hm ; CuHm ; C,(Hn- 

d. Tetrones, C,H„. 

t. Benzeuee, C,H, to C,,^!,. 

B«nMne hydriilea, C«H„ to CgU,,. Nsphtiienea. 
/. Naphthalenea, C„H, to C.Hi,. 

Naphthalene hydrides, Cu)H„ ; Ci«H„. 
f. Acenaphthenes, C|,H,r Aeeiuphthene hydridea, CuH|,. 

Diphenyl, C,^,^ Flnoreue, C„H,o. 
\. Anthracene, C„Hio to Ci,H„ ; C^gHu- 

Anthracene hydrides, Ci,H,, ; CifH^. 
t. PheniiDthrene, CmHm. I. Cbiysene, C„H„. 

j. Fluoranthroiie, C|,H,^ m. Rcene, CnHu. 

*. Pyi«ne, C„H,|^ n. Beozerythraie, CmH,,. 



n. OXTi^DBOCABBONS. 
a. Water. 

S. Methyl hydroxide. 
e. Ethyl hydroxide. 

d. AifitoQe. 

e. Acetic add. 
/. Benzoic add. 



jT. Phenol. 

h. Cieaoia. 

i. XyloU. 

J. Naphthola. 

it. Pyrocreeola. 

1, Roiolic add. 



III. CoHPounDe Containing SDuans. 

a. Hydrogen sulphide. e. Carbon disnlphide. ' 

b. Ammoninm sulphide. /. Carbon oijsaLphlde. 
e. Ammoninm tbiocyanate. g. Mercaptaus. 

d. Bnlphnr dioxide. h. Thiophens, CfH^S to C^HfS. 



IT. Nttboqkkodb Bodiss. 
a. Amine, NH,. 
i. Ammonium compounds. 

d. Anilines. 

t. Pyridines, C,HsN to C,^,^. 



/. Qninolines, C,H,N to CH„N. 

g. Acridine. 

h. Pyrrol. 

i Uethyl cyanid and isocyanid. 

j. CarbAzol ; phenylnapfathyl carbazol. 



AsBAT OF Coal Tab. 

The assay of coal tar is usually limited to a laboratory operatiwi, 
in which the various fractions are collected as nearly as poarible 
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under the same con ditiooB as thoae which perbun to the large ecale, 
though the details will ueceMarily varj with circumstanoee. With 
practice, good resulta are obtained with as Hmall a quantity bb 10 
ouncee of the tar, the yields corresponding closely with those given 
on a large scale; but the chief value of sucb laboratory operations 
is for eompariTig diSereut samples of tar. The following mode of 
operation is that recommended by B. Nickels, towhumtheaulhor 
is indebted for the communication of a number of valuable facts 
and methods connected with coal-tar products : 250 c.c. or 10 ounces 
measure of the tar ia placed in a retort which it only one-third fills, 
BO as not to spoil the distillate if there is much frothing during dis- 
tillation. The retort should be supported on a oup-shaped piece of 
coarse wire-gauze, placed in an aperture in a sheet-iron plate. 
Over the retort is placed a dome, made by removing the bottom 
from a tin can or bottle and cutting out a piece of the side to allow 
the neck of the retort to pass through. This contrivance confines 
the heat, and prevents the distillate or heavy vapor from falling 
back; indeed, without some such arrangement a satisfactory assay 
of coal tar in glass is nearly impossible. The products obtained by 
the distillation are: (1) ammoniacal liquor; (2) total light oils; 
(3) creosote oil ; (4) anthracene oils ; and (5) pitch. In obtaining 
tfaese fractions, the character of the distillate is amply sufficient to 
indicate the point at which the receiver should he changed. No 
thermometer is necessary, nor need auy condensing arrangement be 
attached to the retort. A powerful bunsen should be used, as 
toward the close of the operation it is necessary to maintain the 
wire-gauze at a red heat The ammoniacal liquor and naphtha 
are collected together in a graduated cylinder, which is changed as 
soon as a drop of the distillate sinks when collected in a test-tube of 
water. After standing, to allow perfect separation of the ammoni- 
acal liqtior and light oiU, the volume of each is observed, and, if 
desired, the strength of the former can be ascertained in the usual 
way by distillation with lime and titration of the distillate. The 
quantity of light oils is too small for further fractionation. 

The next fraction of the distillate coneists of creosote oil. At first 
it will contain much naphthalene, and will probably solidify in 
white crystals on cooling, but afterward a more fluid distillate is 
obtained. At a still later stage a drop of the distillate collected on 
aoold Bteel spatula will be found to deposit amorphous solid matter 
of a yellow or greenish-yellow color; the receiver is now again 
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cluiDged, the frsction measared, and, if desired, agsBjed for carbolic 
add aod oaphthalene, as described in the section on "Creosote 
Oils." With rnanj tara tbia fraction is eemi-Bolid, and must be 
measured whilst quite warm. 

The next fraction of the distillate is rich in anthracene, and not 
ucfrequently condenses in the neck of the retort aa a ^ellon, waxy 
substance, which may be melted out by the local application of a 
small buDsen flame. 

The collection of anthracene oil is complete nhen no more dis- 
tillate can be obtained, and the pitch intumesces and gives off heavy 
yellow fumes. The distilled fraction is then measured and cooled 
thoroughly, and the resultant pasty mass pressed between folds of 
blotting-paper, weighed, and assayed for real anthracene by the 
anthraquinone test. The result is calculated into ervde anthracene 
at 30 per cent., a standard which ia generally adopted by manu- 
fecturers. 

When the diBtillation for anthracene oil is complete, the retort 
may be allowed to cool, and when almost cold its body should be 
plunged into cold vrater. This produces a rapid surface-cooling 
and shrinking of the pitch from the glass ; the latter may then be 
broken and removed by gentle tapping, leaving the cake of jnteh 
clean and ready for weighing. 

The following figures, communicated by B. Nickels, show the 
results obtained by the assay of four representative samples of 
London tar. The apparent excess is due to the tar having been 
measured and the pitch weighed : 



Ammoniacsl water, 3'5 yj 

Tolal light oita, 25 3-4 

Carbolic and creosote oila, . . SI-3 170 

Aothracone oils, 17-0 vj-o 

Pitch (grm. pel 100 e.c), . . 59-4 ^'o 



Pressed anthnceiM, 4-0 ... 1*15 

Containing real anthracene, I3'4^ — 25-68^ 

=^30^ erode anthiacene in tar, 18 1-47 1-3 113 

The following table shows the mean compoeiUon of the forgoing 
■amples in juxtaposition with the general yield of English country 
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AtDUiotiiacAl WKter, 4'S per « 

Total light oila, 3-4 „ 

CarbolJcuidcTKiaoteoib, io'3 „ 

Antbiacene oils, 15-0 „ 

Fiteh (gnn. per 100 cc), 59*9 „ 



The methods of ezaminiag the fractiona obtuaed in the first dis- 
dllation of coal tar will be described in the eections on " Commercial 
Benzols," " Naphthalene," "Antbraoeoe," and " Creoeote Oila." 

Goal-tab Pitch. 

This is the residue remainiDg in the sUU after the first distilla- 
Uou of coal tar, and usually amounts to about two-thirds of the 
weight of tar operated oo. Its physical characters depend some- 
what on the kind of coal distilled and the point at which the 
distillation was arrested. Thus, soft pitch ta obtained if the 
process is stopped when the oils distilling have a density of about 
1'090, and hard pitch if it is continued until the specific gravity of 
the products distilling reaches 1-120. In order to obtain a large 
yield of anthracene, the distillation is often pushed as tar as 
possible, and the reddual hard pitch diluted with a certain propor- 
tion of creosote oil or anthracene oil, whereby a product of any 
requisite softness can be obtained. A compounded pitch of this 
sort will yield a notable quantity of liquid oils when distilled, and, 
possibly, naphthalene, which last is much objected to. 

Soft pitch can be easily kneaded between the teeth, but mod- 
erately bard pitch with difficulty only, while bard pitch crushes 
to powder. Soft pitch is blacker and more lustrous than hard 
pitch, which often has a grayish tint and is somewhat porous. In 
the latter case it is partly coked, and is unfit for making patent 
fuel, for which pitch of but moderate hardness is preferred. The 
specific gravity of hard pitch ranges from 1'276 to 1-300. 

Soft pitch Boflens at 40° C, and melts at about 60°. 

Modemtely hard ,, at 60° „ „ 80°. 

Hard „ at So" ,, „ 120°, 

Contract-notes for pilch intended for exportation to the Conti- 
nent often stipulate that a sample is to " twist fairly after immer- 
sion for two minutes in water at 60° C, but not under 66" C; 
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must coDbuD at least 63 per cent of volatile oi^dIc matter; and 
must be free irom any extraneouB matter, such as sand or grit." 

The twisting point and melting point of pitch are ascertained by 
F. Q. Holmes by fixing several pieces of the sample (about i 
inch cube) on wires, by beating the ends of the wires Bufficiently 
to press them into the pitch, and suspending them, side by side 
with s thermometer, in a beaker containing 600 c.c. of water, 
which is heated at the rate of about 6° C. per minute. The pitch 
is taken out firom time to time, and the twisting point taken as the 
temperature at which the fragment can be &irly twisted round 
several times. The melting point is the temperature at which the 
pitch melts off the wire, avoiding premature dropping. 

The proportion of volatile organic matter in pitch ranges &om 
47 to 64'per cent It is determined by gradually heating 1 grm. 
of the carefully sampled and powdered pitch in a platinum cruci- 
ble until distillation ceases. The operation should occupy about 
fifteen minutes, and must not be hurried, or the pitch may swell up 
and even boil over the sides of the crucible, leaving a very porous 
reudne. A cover with a small aperture in the centre is then placed 
on the crudble, which is placed in a crucible-jacket and further 
heated for ten minutes over a powerful bunsen, and finally for ten 
minutes over a blast-flame- The residual eoks, which should be 
dense and graphitoidal, is then weighed, and the volatile organic 
matter calculated from the loss. With care and attention to details 
the teflt gives constant results, but otherwise very discordant figures 
may be obtained. The coke may be burned and the proportion of 
asb ascertained if the presence of sand or ffrU is suspected. 

According to Habets, the ultimate percentage composition of 
good, hard coal-Ur pitch is 76-32 of carbon, 8-ld of hydrogen, 1606 
of oxygen, and 0*43 of asb: Small proportions of nitrogen and 
sulphur are also present. The proximate composition of coal-tar 
pitch is very imperfectly understood. It always contains some of 
the high-boiling hydrocarbons of coal-tar, such as anthracene, 
phenanthrene, pyrene, cbrysene, &c., together with "bitumene," 
and probably free carbon.* The form in which the oxygen exists 
is not known. 

■ WbeD pitab whiah rem&ined &fter all olli of t, demit; U|> to 1-120 htui diltillsd 
OTOT vu trealsd BucaeniTelj with sold beniene, wrbou diiulpbida, boillDg benieae, 
■od bailing sloahol, B eh rem abtained 23'bi par canL of s biwk powder resembling 
■Dllinoile, and contunlag 91 to 02 per eeat. of Mrbon, 3'1 of hfdrogeD, and t-i to 
«■» of ub. 
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Coal-tar pitch U wholly iuaolable ia water, bnt toluble to a 
greater or lees extent in alcohol, and more completely in beoxCne 
and carbon disulphide. In cold petroleum Bpirit it is but little 
soluble, but by boiling solvent it is somewhat more acted on, 
thongh the greater part remains undissolved. This behavior dis- 
tinguishes coal-tar pitch from wood pitch and natwrtd aepkaU, for 
which it ia sometimes subatituted without acknowledgment. 
Methods of difltinguishing coal-tar pitch from these materials are 
given later. 

The determination of anlhraeene ia coal-tar pitch is described 
later. 



BITUMENS. 

Mineral products consisting eesentjally of a complex mixture of 
hydrocarbons are found in numerous localities, and under very 
varied circumstanoee. These products, of which petroleum may be 
regarded as a type, occur in all parts of the world, and, like coal, 
are not confined to any one geological formation. 

The natural hydrocarbons present every variety of aggr^;ation, 
from the state of gas, as evolved from coal and petroleum, through 
the conditions of a thin mobile liquid like the naphtha of Persia, 
the viscous tar of Rangoon, the elaterite or mineral rubber of 
Derbyshire, the wax-like osokerite of Qalicia, to the brittle, 
pitch-like aaphalt of Trinidad. 

The origin of the bitumens or mineral hydrocarbons is, in many 
cases, obscure. The subject has been treated in an able and ex- 
haustive report by 8. F. Peckham,' and has been discussed by 
many writers. Products more or less similar to petroleum and 
asphalt have been obtained by distilling complex animal and vege- 
table matter out of contact of air. All the evidence tends to 
show that the natural bitumens are derived from various sources. 
Peckham has reviewed the question {Amer. Jowr. iSci., Nov., 1894) 
and reiterated his earlier stalement. In mineralogy the term bitu- 
men includes all natural substances which contain notable propor- 

' Beport oil rkt ProdHcliou, Tttknotoyg, and Uwn of PtlroUnit and in firodueU, 
to theUon. C. W. SetoD, DepvtmsDt of tha loUrior, U.S. Amsri«. Peokhan 
(Jteport, psga 67) oanetudn that all bitumeiu kana, in tbsir pnient oaDdition, ortgia- 
Mj bo«n derived from animal or regetabl* imd^ui, but that Uh manner or tMr 
dariTation ha* not bean aaiform. 
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tiona of bydrooarboiu. P eckhftm propoMs the followiog classifi- 

SoUd, Aiphftlt. 

Semi- solid, Maltha. 

Liquid, Petrolenm. 

Gahgous, Nataral gas. 

The Gousideration of the different varieties of coal is beyond the 
scope of this treatise. 

Petroleum. Rock Oil. Mineral Oil. Coal Oil. 

French — Pgtrole. Qennan — Steiool. ^xmisk — Petr6lea. 

Petroleum is a natural oily liquid occurring in the earth at very 
varied depths, and in a great many localities. It ia not confined 
to any particular geological formation. Thus, the petroleum of the 
great Pennsylvania field is derived from the Devonian and Carbon- 
iferoas limestone formatioDs, while that of California and Russia is 
found in tertiary rocks. Petroleum may not be indigeoous to 
the strata in which it is found ; in some instances it has undergone 
distillation. Brannt (_Peiroleum audits Producle) limits tbo terms 
"rockoir'and "naphtha" to those hydrocarbons which are clear 
and nearly oolorleee in their natural condition. 

Fetroleam is now obtained on a couaiderable scale in tbo Cau- 
casus, on the shores of the Caspian Sea, and smaller quantities are 
produced in Canada, Qalicia, Hanover, and other localities, but 
the largest quantity is obtained from the United States. Tho last 
source so overshadows all others, from a commercial point of view, 
that the following description applies chiefly to that product : 

Crude natnral petroleum is an oily liquid, varying in density 
from "73 to "97, the Pennsylvania product ranging between '79 and 
'83. It has a characteristic odor, sometimes, but by no means 
invariably, disagreeable; its color varies from straw- yellow to 
brownish black. Its coefficient of expansion varies considerably 
with its specific gravity, as is shown by the following table : ' 

SFBCUTC ObITITT at IP C. ElPAlWlOK-COEFnCIIBT TOB 1° C. 

Under -700 -00090 

700 to 750 -00085 

■750 to -800 00080 

-Sooto -815 -00070 

over -81 S -00065 

■ On a (took of 1,0O0,DD0 bwnb of petrolanm, thi ihrinkage to waUr amoant* U> 
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Petroleum is insoluble in water, uid but slightly soluble in 
alcohol, but it is miscible in all proporUons with chloroform, ether, 
carbon bisulphide, and hydrooarbona. It mixes readily with ordL 
nary fixed oils, castor oil being an ezcepUon (Vol. it.. Part i, page 
168). All varieties are combustible, burning with a luminous, more 
or less smoky, flame. 

Cheuical CoupoBinoti of Petroleum. 

Chemically, crude petroleum consists of a mtztare of s consider- 
able number of hydrocarbons with small quantities of sulphuretted, 
nitrogenised, and ozygenised bodies. 

The nitrogen in crude petroleums and paraffin oil is given thus by 
BellbyCJ. S. C. J., 1891, 120): 

Scotch sbale oil f^om retorte, 1-160 per cent. 

,, petroleum or ozokerite, o-2g6 ,, 

Ameridui petroleum reeidDDm, O'oSo ,, 

Baku ,, „ 0-050 „ 

Oalician ozokerite o-iS8 „ 

Scotch buic tar, 3-900 „ 

American residottra tai, 0-716 „ 

Scotch crade still coke 3-100 „ 

American erode aUU coke, 0-375 n 

According to Kast and Lagai {Ding. Pbly. Jour., 1892, 284, 69), 
all crude petroleums, except that from Tegernsee, contain sulphur 
io amounts varying from 0*136 to 1*87 per cent. Mabery and 
Bmith have investigated thenatureof the sulphur compounds, and 
find that they are in the form of alkali sulphides; thiophenes and 
mercaptans are absent 

Petroleum ia variable in composition, and more or less volatile 
and mobile according to its content of bitumen and solid bodies. 
In general, it contains about 86 per cent, of carbon and 15 of 
hydrogen, but its elementary composition gives no idea of the 
variety of hydrocarbons contained in it. Id brief, the constituents 
of petroleum present the following varieties of character : 

(a) Their volatility is very different, for they extend from gases 
of very low boiling points to solids which boil at high temperatures 
(370° and 450° C). 

(6) The volatility of the constituents is usually inversely as their 
specific gravity, the lightest oils being the most volatile. 
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(e) The inflammability ia a function of the volatility, the more 
volatile constituenta taking fire on approach of a flame at ordinary 
temperatures, while the denser and less volatile oils require to be 
heated considerably before they can be infiamed or made to give off 
inflammable vapors. 

The hydrocarhoas of petroleum belong to several eeries, the 
methanes largely predominating In American petroleum, while 
members of other series are present in relatively lai^e amount in 
the petroleum of other regions. 

Pennsylvania petroleum has been most completely studied. A 
complete series of methanes, from CH, to C„H„, has been obtained 
from it ; and the solid members, C^H^,, C„H^ and Ca,H^ are also 
present, especially in the oils from the Bradford district. Iso- 
methanes, as well as the normal forme, exist in American 
petroleum. The paraffins from CH, to C,H„ are gaseous st ordinary 
temperatures, and hence escape in admixture with hydrogen from 
petroleum wells, or when the petroleum is stored or gently heated. 
The members from C,H„ to C„,H„ constitute the greater part of 
the liquid portion of American petroleum, one of the most charac- 
teristic constituents being hexane. The olefins from C„H„ to Ci,H„ 
have been isolated by Warren from American petroleum, and 
doubtless other of the higher members of the series are present. 
Gaseous olefins also occur. Naphthenes similar to those character- 
istic of Russian petroleum are also present. Benzene and its homo- 
logues exist in traces in American petroleum, and among the less 
volatile constituents anthracene, chrysene, pyrene, fluoranthrene, 
and tballene exist in small quantity. 

Natural gas from the Pennsylvania wells has been found to 
contain from 40 to 94 per cent, of methane, CH„ with smaller 
proportions of hydrogen and ethane, CH^ and traces of higher 
homologues. Small proportions of olefins are also present. On 
the other hand, the liquid obtuned by J. J. Coleman, by the 
action of cold and pressure on the gases produced in the distillation 
of bituminous shale, consisted chiefly of tetrene, C,H„ pentenc, 
CjH„, and hexene, C(H,„ Natural gas is employed for manufac- 
turing and household purposes in many of the Middle and Western 
States ofthe United States. F. C. PhiIlips''hasfound from one 
to nearly three per cent of nitrogen in natural gas. 

Gmadian petroleum contains various hydrocarbons of the paraffin 

'Prat. En^n. Soc. Watem Ptnniyhanin, Dsc, 1898. 
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and olefin Kriee, and is richer ia sromatio componnda and poorar 
Id gaseoua paraffins than the PeunBylvanUn producL It contains a 
notable quantity of sulphur compounds and traces of benzene and 
nitrogenouB baiic oils. It yields about 3 per cent, of solid paraffin. 

Califomianpetroleum contains, as far as known, benzene hydrides, 
naphtbenea, benienes, sulphur compounds, with a notable amount 
of the esters of nitrogenous basic oils. 

Ohio petroUwm is intermediate in properties between Caucasian 
and Pennsylvanian oils, and contains the following: Methane, two 
tetranee, pentane, isopentane, hexanes, heptanes, octane, nonane. 
These form less than ten per cent of the oil. The crude oii con- 
tains a large amount of sulphur compounds. Aromatic hydrocar- 
bons are present in very small amount. The sulphur compounds 
have a tendency to collect in the higher fractions. 

Siutian petroleum has acquired considerable commercial impor- 
tance. It is chiefly obtained in the neighborhood of Baku on the 
Caspian Bea, but is also found in other parts of the Caucasus. A 
fraction of given boiling point has a higher density than a similar 
fraction of American petroleum or Scotch shale oil, and the viscosity 
is more readily decreased by heat. It usually yields no solid 
paraffin. 

This petroleum is scientifically interesting from its peculiar oom- 
position. Beiletein and Kurbatow could not obtain any pro- 
ducts of constant boiling points, even after nine distillations, nor were 
they able to extract any benzenoid hydrocarbons by treatment with 
fuming nitric acid nor any olefins with bromine. Their researches, 
as extended by Schutzenberger and Ion in e, and by Mark ow- 
nikoff and Oglobini, have shown that Caucasian petroleum con- 
sists chiefly of a mixture of naphthenes, having the general formula 
C.H^. These are isomeric with the ethenes, and with the benzene 
hexabydrides (so-called parsffenes, C,IIn_,H,), obtained synthetic- 
ally by Wreden. With the exception of the hydrocarbon C„H^ 
all the naphthenes from C,H„ to C^H^ have been separated from 
Caucasian petroleum. They boil at somewhat lower temperatures 
than the isomeric ethenes and the normal methanes containing the 
same number of carbon atorai, and at approximately the same tem- 
peratures as the synthetically prepared paraSenes ; but the densi- 
ties of the Caucasian hydrocarbons are notably greater than those 
of the isologous paraffins from American petroleum. Thus, while 
normal octane, C,H,^ boils at 124° C. and has « density of '7188 at 
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0°, octonaphtheDe, C,H^ boils at 119° and baa a deositr of '7714. 
Similarly, C„Hm boila at 202° and baa a deueitj of -7655, while 
CuH^ boils at 196° and hae a density of -8027 at 17°. 

Tbe napbthenes do not form nitro-derivativea, and resemble tbe 
metbanea in not jieldingadditive compounds and in being convert- 
ible into chlorinated derivatives from which alcohols are obtain- 
able. When oxidieed, the naphthenea form oxidation-prod ucts, of 
are converted into higher isologues. 

The higher boiling portions of Caucasian petroleum probably 
contain hydrocarbons of tbe etbene and higher series, while 10 
per cent, of the petroleum consiats of benzenoid hydrocarbons belong- 
ing to known aeries, and alsD a series of hydrocarbons isomeric witb 
styrolene and its isologues. These compounds form brominated de- 
rivatives, bnt no additive compounds; their benzenoid character is 
exhibited in the formation of nitro- and sulpho- derivatives.' The 
petroleum also contains neutral and acid oxygenated bodies. A 
petroleum examined by Markownikoff yielded a fraction boil- 
ing between 220° and 230° C, which contained 525 per cent, of 
oxygen. 

Tbe investigation of Russian petroleum is very difficult, owing 
to the facility with which the constituents break up into other bodies 
on dislillation, especially during tlie latter part of the process. 
When passed through an iron tube heated to bright redness, Cauca- 
sian petroleum yields an abundant deposit of carbon, which soon 
chokes tbe tube, the metal itself being strongly corroded. Tbe 
volatile products consist largely of benzeue and its homologues, 
with naphthalene and anthracene. This reaction has been utilized 
for the production of benzene and anthracene from Kussian petro- 
leum. 

Co/unon })e<ro^eun), according to Lac howicz, contains a number 
of paraffins and also aromatic hydrocarbons. Pawlewski found 
in a petroleum from Kleczany about 2 per cent, of aromatic hydro- 

" A petroleum from near Tiflii, Bimiiiied hj Bail ate in and Kurbfltow {Jour. 
Chem. Soc, it. 11)20), yisLdod % fractioa of lower boilinK [>uint oaatainlng the |>ar- 
sfiDi C,H,g to C)II,h with B little benune and toluene. Bj treating the fraotlnu of a 
CkucuioD p«tn>lBum boiling betveen 180° and 200° with fuming inlpliDria acid, 
UarkoWDikoff and Oglobini round tbatTariouiBDlpbonicacldawererormed, while 
tbs hTdTOcarboni of tba formula CbIIid were Ult uncbanged, iBomerideB of cj'incDe. 
metamethrl-propjlbeniene, and prabftbl; dureae, were prefcnt. The 240° to 250° 
tnetion KiDlaiDedkmadiBc«tionarpn^;1iiaphlhalcne(C„H„), then C,,!!,^ aDdCuU], 
(the lut prob^ly baloi(ing to (Iw ciDnamene wriea), and Qnallj C^Ut, (? C„H,o). 
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carbons, consiBting chiefly of beaEene and parBzyleae. Tb« fraction 
boiling between 97° and 100° C consists chiefly of heptane with 
some toluene hezhydride, but the presence of o^ylene bexhydride 
was not established. The first six fractions obtained by distilling the 
crude petroleum on the large scale are not acted on by bromine, 
but the eeventh and higher fractions absorb bromine with evolution 
of beat. Hence it is probable that ethenes do not pre-exist in the 
petroleum, but are formed during the distillation by the decomposi- 
tion of paraffins. Hell and Afeidinger have isolated from Wal- 
lachiaa petroleum an acid forming alkali-salts reeembUng soft 
soap. Other homologous acids are probably present. 

Hanoverian petroleum, according to C. Engler,GODtainB hydro- 
carbons both of the para£Sn and olefin series, besides notable quan- 
tities of aromatic hydrocarbons (e. g., paeudocnmene, mesitylene, 
and probably bexabydrometaxylene). Sulphur compounds are 
also presenL 

Rangoon tar ia a heavy variety ofpetroleum, of a semi-solid con- 
sistency, owing to the presenceof about 40 per cent, of solid paraffin. 
By fractional distillation, Wa r r e n and S t o r e r proved tbe pres- 
ence of tbe paraffins from C,H„ to C^H^ ethenes from G,H„ to 
CuH„ besides xylene, cumeue, and naphthalene. 

The composition of petroleums from other sources has been but 
imperfectly ascertained. The behavior of some of them on distilla- 
tion is described later. 

The method of treating cmde petroleum for the manufacture of 
commercial products varies considerably with tbe character of tbe 
cmde article and the practice of tbe works, but it is always essen- 
tially a process of fractional distillation, sometimes supplemented 
by a decomposing action in the still, induced by the injection of 
superheated steam, Tbe character and proportion of the various 
products obtained depend largely on the nature and source of tbe 
oil and the details of tbe mode of treatment, which is capable of 
considerable variation in detail. As a rule, tbe lighter and more 
volatile portions are fractionated into a numlier of products, known 
commercially as cymogene, rbigolene, gasolene, naphtha, and ben- 
zine or benzolene; but in many cases the proximate separation of 
the products of the distillation of crude petroleum ia less complete, 
only three principal products lieing made — namely, naphtha, kero- 
sene, and lubricating oil. By the present system of manuflicture, 
"cracking" of the heavier oils (see under "Kerosene"), aboat 
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76 per cent, of buniing oi), flaahiog at 68° F. by Abel'e test, may 
be obtained from crude American petroleum. The yield of higher 
class oils (such &b would pass English inspection) is proportion- 
ately smaller, and of " water-white oil" only from 12 to 20 per 
ceuL is obtained. The proportion of naphtha obtainable from 
American oil varies from 9 to 18 per cent, according to the age of 
the oil-producing territory. 

Caucasian petroleum yields very difibrent proportions, the pro- 
porUon of burning oil flashing at 32° C. and of 0'S21 specific gravity 
bung only about 27 per cent. ; but a much larger percentage of oil 
of lower flashing point or higher specific gravity can be obtained. 
B. Redwood (J. S. C. I., 1884, 74), who gives the above figures, 
also states that the Caspian Company manufactures three qualities 
of the burning oil, of the following characters : 



QUALITT. 


Bpecctic Obavtit. 


Fum Tonn ; C. 


TIBLD P«B CKKT. 


3 


"I'5 
■Sao 

-Szl to -833 


30° 

»5° 


i 



The following table of producta from 100 gallons of Suasi&n pe- 
troleum is from information famished by the Bagosine Company. 
PKoDtrcn. SPicirio Obatttt. ai.LLon. 



" GsBolene " 



r beaTj buiziD, 



Pyronaphtha (flash-point 133° C., open test), 

Lnbricstiog oil, 

Cylinder oil, 

Vaseline (not a direct prodoct) 

Bcsidnnm and loss, 



'S5S 
■890--903 



The heavier lubricating oils or " oleonaphthaa " of the Ragoune 
Company range in density from '905 to '920, and have low freea- 
ing points. 

The fractions of the crude petroleum obtained by distillation are 
purified by treatment with a limited quantity of strong sulphuric 
acid, and then washed with caustic soda, and finally with water. In 
some works they are then redistilled over caustic soda. In Canada 
the burning oil is treated with a solution of litharge in caustio 
aoda, to remove suIphur-compoundB. 
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The following ia kh outline of the nsnal piDceH of potraleam dlamifttkm 
4S ooudacted in America : Tbe oil is heated in laige atills holding from 600 
to 1200 bairela. The more volatile portions soon come over ; the; are either 
bnntt or condensed bj artificial cold aod pr«Maie. Tbe liqnids tbna obtained 
are known as "cjmc^ue" and "rhigolene." After these, prodncts coa- 
densible by cold water Are oblaioed, tbe first portions having a density of 
"OSB, the product becoming heaTier aa the distillation proceeds. (Thedia- 
lillate obtained in this part of the operation is nsoally again distjlled, when 
it yields "gasolene," "naphthn," and "beozin.") When the liquid paes- 
iogorer acquires adeoaitj of 73.5 to '750, — according to the works' custom, — 
the stream ia diverted from the "oapbtha" tank to tbe "keroeene" re- 
ceiver, where it is collected until its gravity reacbee '840 to '845. The reai- 
dne Is then transferred to Other stills, and generally to other works, where it 
is distilled to dryness to obtain lubricating oils and paiaffin. The tesidne 
in tbe still is combostible with difficulty, but is nsed as foeL If the opeis. 
tiou be arrested before actual coking occors, tbe residue has the characters 
of thick tar. The purification and fractionation of the first products are cod- 
dncted in much the same manner as with shale oil. 

On the Caspian Sea the distillation of the petroleum is conducted as a con- 
tinuous process, a stream of oil Sowing through the entire serice of twenty- 
five stills. This method is peculiarly suited for the treatment of Kussian 
petroleum, since it yields comparatively little burning oil, and the residue is 
almoetaa fluid as the crudeoil. Tbedistillate is collected in three fractions: 
light benzin ('754), heavy benzin or "gasolene" ('787), and kerosene 
(-820 to 630). Tbe residue has a density of 903, and yields on distillation 
about 30 per cent, of lubricating oil and 15 of "solar oil" (sp. gr. '860, 
Ooshing point 105° C), the remainder being commonly nsed as ftieL At- 
temptii have been made to employ a^tki (rasidoum) for Uie production of 
benzole and anthracene by subjecting it to a fall red heat. Baku petroleum 
oontoinslittleornosolid bydrocorboos, hot the oil obtained on the other side 
of the Caspian yields as mnch as 6 per cent 



Assay of Crude Petroleum. 

According to a definition adopted by the New York Produce 
Exchange in 1679, "crude petrolenm shall be understood to be 
pure natural oil, neither steamed nor treated, free from water, 
sediment, or any adulteration, of the gravity of 43° to 48° Beaum£ " 
(== -8092 to '7865 specific gravity). The usual range in the specific 
gravity of the Ne v York crude oil is between *790 and '800. E^cb 
parcel ia usually a mixed product from a number of wella. 

The vxiter and tediment are usually determined by mixing tbe 
sample with an equal quantity of petroleum spirit, free from water, 
and keeping the mixture at 49" G. (= 120° F ) in a graduated 
glass vessel for at least six hours, after which the liquid ia allowed 
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to oool and settle for & period of not lew than two hours for light 
grade oils, increasing to eighteen hours for the heaviest qualities. 

Besides this test and the determination of the ipedfic gravity, 
the ordinary characters relied on ss commercial tests of the quality 
of cmde American petroleum are: Its specifio gravity, its odor and 
color, its feel when rubbed between the fingers, and the percent^e 
of naphtha yielded on fractional distillation.' The crude oil uf the 
New York market will generally furnish from 12 to 15 per cent, 
of naphtha of '70O specific gravity, and the proportion should not 
exceed 17 per cent. It will yield, in addition, from 9 to 12 per 
ceot. of beniiii of '730 gravity and about 60 per cent, of burning 
oil at *795 specific gravity. The residue contains a quantity of dry 
paraffin scale equal to about 2i per cent, of the crude oil.* 

For the assay of crude petroleum by distillation 250 or 500 c.c 
should he employed, and the operation conducted in a retort fur- 
nished with a good condensing arrangement, in the same manner as 

' Grade Amerimi p«trol«am ma farmarl; freqa«Dtl; idultantsd with petroleum 
qiirit. A> tfala wu lea iraliuble than the he&Tier uid leu igUtile karoHne oil, itnot 
iiifrei}iientl7 found iU iraj baek to the wells, to ba repnmpcd u anids patroleom, or 
wu eTCD direotl; lulded to the Utter in tbe tanka. The diflerenoe In Uie oommerciti 
Tklae of the prodnota ia not Dow auSoirntl; groat le afford muoh induaement to oun- 
tinne thia practice, which, hawerer, hu eitanded lo Baku. Eim of the lighter oila 
rednaei the donnit; of the oil, and oanus it to giTB off ioSMnmable Tapor U a lower 
temperatare, whila the panwntage of naphtha yielded on distiliation ia inoreued. 
HeDoe the beat petroleuma giie onl; a moderate paroantaga of naphtha. 

*The danaity of the flrat ninetj IVactioai, of 1 per seat, each, obtained b; diitilling 
tbe»Tang« patrolaDm oil of the New Tork market, haa been determined bj Bcur- 
fODgnon. The following table abiwa the deoaitj of eTerj tenth fraction obtained, 
the original cdl baring a ipeoifle graritj of '7eSZ at l^" C. : 





Sncmc GuTm. 




SpBCino OUVITY 


nm Fraction. 




Fiftieth Fraction, 








SliUath „ 










-Sis 


Tbtttelb ., 


750 


Hghtielh „ 


iHS 


Fortieth „ 


-jss 


mnetlelh „ 


-S'S 



The prodacta yielded bj tbe diitillation of the lame crude oil were^ Naphtha at -TOO, 
IT per eant.; beniin at -730, 9 pet eent.; hnming oil at -783, B4 par cant.; reaidne 
and Ion, 10 per canL ; and the reddae oonlained about one-fourth of its waightof 
aolid paraffin. The reeulta obtuned bj tbe diitillation of petraienm on a laboratory 
aoale are not itrictly identical with thoaa yielded in practioe, aa a largo proportion of 
tha heavier fraetiona are often "oroeked" into burning oil. Thua the Standard Oil 
Company, at ita Hew Jeraey worka, obtaini from 8 to IS per oont. of nophtha, from TS 
loSf pereeot of barning oil of two quaiitiei, and a reoidueof 8 to 10 per oent., which 
by nheeqaaat diatillotion yielda labrioating oil. 
VOL. II, FT. II. — 6 
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is directed for the examiDalion of "Commercial Beozols." The 
cylioders in which the distillates are collected should be surrounded 
with water kept conetantly at 15° C. A small hydrometer con- 
tained in the cylinder in use will indicate when the thoroughly 
mixed fracUon acquires the standard density, at which point the 
flame is withdrawn from the retort, the coDdenser allowed to drain, 
and the volume of the distillate carefully observed. By employing 
a thermometer- plum met (Vol. II, part I, p. 28) instead of the 
hydrometer, more accurate results are obtainable, and the distilla- 
tion can be conducted on a smaller quantity of petroleum. 

Some useful hints on the assay of crude petroleum have been 
published by liTawratil, who hasexaminedanumber of Galician 
petroleums. He distils fiOO c.c in a glass retorL The distillate 
collected below 150° C. is regarded as light oils or naphtha, that 
from 150° to 300° as burning oil, and that from 300° to 400° os 
heavy oils. The densities of the original samples (16) ranged 
from '902 (Harklowa) to '799 (Kenczany), and the proportions of 
the several fractions showed similar vaHatioDs. The light oils 
varied from 43'5 to 34 per cent, the 150° to 300° fraction from 
45'4 to 29-2, and the heavy oils from 56 7 to 22'8 per cent 

To extract solid paraffin from crude petroleum, Sadtler mixes 
the oil with several times its volume of ether, and places the liquid 
in a freezing mixture, when " almost all the dissolved paraffin will 
separate, and can be filtered off." 

The fathing pvint ai petroleum is an indication of considerable 
importance, but is more especially connected with the. examination 
of refined petroleum or kerosene, under which head the subject is 
Ailly discussed. 

D^erminalion. of Sulphur. — Brannt ("Petroleum and its Pro- 
ducts," p. 26) gives the following method : Heat 05 gram of the 
sample with about 20 to 25 c.c. of coucentrated nitric acid to about 
170° C. The resulting product is freed from the greater part of the 
nitric acid, diluted with water and precipitated in the usual way. 
For other methods see under " Asphalt" 

Ozokerite. 

This substance, known also as cerasin, cerite, or mineral wax, 
usually occurs in the neighborhood of petroleum springs, and in 
asBociatioD with bituminous sandstone, clay-ecbist, gypsum, and 
common salt. Though not very abundant, ozokerite oocurs in 
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many parta of the globe, the most remarkKble aod best-known 
deposit being that in the miocene rocks of Galicia, on the Blopes of' 
the Carpathian Mountains, and also on the Wallachian side of the 
range. It is also worked on the island of Tacheleken in the Caspian 
and at Swatoi-Astrow, near Apsheron, where a variety called n«/t- 
git is found. It exists also in Turkestan, and a valuable deposit 
has been found in Utah. Its commercial interest is chiefly as a 
source of cerasin, though liquid bydrooarbons are also obtained by 
the distillation of the inferior kinds. 

According to Brannt ("Petroieam and Its Produota," 400) 
Sauerlandt has found ozokerite to contain: 

Volatile hjdrocsrboDB. 

Paraffins meltmg at firom 60° to 70° C. 

Waxyredia, joiygenated. 

Bitnminoiia TCBins, • 

Coke. 

Crude ozokerite varies much in appearance. The finest varieties 
are transparent, of a pure yellow or greenish color, and can easily 
be kneaded between the fingers. Crude Oalician ozokerite is a 
Bcaly or waxy lubetance, with a reeinons fracture. It is usually 
brittle, but as hard u beeswax. It becomes negatively electric by 
fricdon and exhales an aromatic odor. According to Lach (^C^tem, 
ZeiL, 13, 831), the so-called ozokerite from Colorado does not yield 
cerasin, but is suitable for paraffin making. It begins to distil at 
360° C, and yields 90 per cent, paraffin and oil and about 5 per 
cent, of residuum. Caucasian ozokerite yields about 58 per cent, 
of a seoond quality cerasin. 

Inferior kinds of Oalician ozokerite are black and soft, or hard, 
with a fibrous structure and conchoidal fracture, varying in color 
from yellow ("butter-stone") to black. Bome pieces are aa hard 
as gypenm, and are dichroic, the transmitted light being a pure 
yellow, and the reflected dark green. The melting point is very 
variable, ranging from 58° to 100° C. The raw ozokerite occurring 
on the island of Tscheleken, in the Caspian Sea, is a farownish-blsck 
sticky masa, almost entirely soluble in boiling benzene. On ex- 
tracting it with ether, the oily portion and coloring matter are dis- 
solved, leaving a hard residue. On boiling this with acetic ether, 
the paraffin is dissolved, and by repeated treatment with animal 
charcoal, Ac, may be obtained in lustrous crystals, melting con- 
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Btantlj &t 79° C, ttad coDtttining 8510 of carbon and 14*57 of 
hydrogen (Beilstein and Wiegand, J. C.S.,x\iv. 1073). 

Ozokerite ie separated from the gangne bj being melted, and, 
after being pressed, is treated with alkali and filtered through fine 
animal charcoal. Frequently both acid and alkali are used in the 
purification of ozokerite ; fuller's earth aud me^neBium silicate 
have been substituted for the charcoal. The charcoal used is pref- 
erably the fine carbonaceoua residue produced in the manufacture 
of potassium ferrocyanide. The purification of ozokerite with sul- 
phuric acid is attended nith considerable loes, oving to the action 
of the acid on the oxygenated bodies preeent. Feritz obtained 
from 75 to 82 per cent, of crystallised paraffin from Boryslaw 
ozokerite, and 9 to 13 per cent, of light oils. Ozokerite refined in 
England yields nearly 70 per cent, of whit« paraffin. The purified 
substance constitutes eerann, which name should be confined to the 
solid paraffin obtained without distillation. Inferior ozokerite is 
usually distilled with superheated steam, when it yields paraffin 
wax, lubricating oil, naphtha. Galician ozokerite yields on distilla- 
tion about 25 per cent, of petroleum, 21 of lubricating oil, and 36 
of solid paraffin. A higher yield might doubtless be obtained by 
tmproyed manipulation. B. Kedwood (X <Soc. Jrf«, xzxiv. 886) 
^rea the products as 5 per cent, of gaseous hydrocarbons, 3 per 
cent of naphtha, 6 of semi -sol id "ozokerin," 12 of soft paraffin 
(melting at 44° to 46° C), distilled ozokerite (melting at 61° C), 
and a black waxy residue. The following are the products obtained 
by the distillation of Caspian ozokerite (tiefi-gil), according to 
Orabowski: — 2 to 8 per cent. ofbenzin,16 to 20 per cenL of 
naphtha, 15 to 20 per cent, of heavy oils, 36 to 50 per cenL of solid 
paraffin, and 10 to 20 per cent, of coke. 

Sometimes the products are less carefully difl^reaUated, the chief 
being: 

30 to 40 per ceat. of benzin of 073 specific gravity, and 

50 to 76 .> of solid paraffin mellJag at from te" to 7°° C. 

The crude ozokerite is worked up for cerasin, paraffin being 
extracted from the residue, which then forms " ozokerite pitch." In 
distilling for paraffin, a burning oil comes over at 150° C, the frac- 
Uon 200^-300" G. consisting of a mixture of heavy oil and paraffin, 
and being worked up for the latter or for vaseline, whilst the chief 
yield of paraffin comes from the fraction 300°-350° C. The 
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average jiold of the various distillatJOD prodncta ie, at Borjelaw: 
Light oil (up to 150" C), 6 per cent ; heavy oil (150" -300" C), 
32 per cent. ; paraffin, about 55 per cent. 

AeeAT OF Ckude Ozokerite, 

According to B. Lach (Chem. Zeit., 1885, 905), for the valua- 
tion of crude ozokerite 100 grammes of the sample should be treated 
with 20 grammes of fuming sulphuric acid in a tared basin. The 
mixtore is heated to 170° to 180° C, and continuously stirred till 
all sulphur dioxide has escaped. On reweigbing the basin, the lose 
ia Bud to represent the volatile constituents — namely, p^oleum and 
wafer. No allovance appears to be made for the loss due to the 
formation of luiphur dioxide and possible volatilisation of sulphuric 
anhydride. Probably a better plan would be to dilute the mixture, 
and separate and veigh the paraffin. Lach further directs that 
another quantity of 100 grammes of the sample should be treated 
widi 10 grammes of the carhonaoeons residue from the manufacture 
of potassium ferrocyanide, which has been previously dried at 140°. 
A tenth part of the mixture (11 grammes) is then weighed into a 
tared paper thimble, aod extracted with petroleum spirit, boiling 
between 60° and 80° C. The wax is estimated &om the loss, or 
recovered by evaporating the solvent. 

Refiked Ozokesitb or Cebasin usually melts between 61° 
and 78° C, is quite odorless and colorless, and has a waxy section. 
A variety manuhctured in Fran kfort-on- the -Oder is said to melt 
at 83°, and to be so hard as scarcely to yield to the finger nail. 
Cerasin possesses the general characters of paraffin wax. The com- 
mercial samples are sometimes artificially colored. 

Cerasin may be distinguished from bleached beeswax by its lower 
specific gravity and fay its resistance to alcoholic potash, no trace of 
saponifiable matter being present In admixture with beeswax, 
cerasin may be detected and approximately determined by the 
methods given in Vol. II., part 1, p. 224. 

Ozokerite vaseline is obtained by allowing melted ozokerite to 
pass through 12 to 15 filters of animal charooal, or through double 
that number if a perfectly colorless product be required. The mass 
is then treated, for 3 to 4 hours, with superheated steam (250° C). 
About 25 to 30 per cent, of product is obtained. 
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Asphalt. Asphaltum. Mineral Pitch. 

German — Erdp«cl). Frendi — Aaphalte. Spanwh — Aafalto. 

Voder the term asphalt is included a conuderable number of 
natural producia, congisting lai^ely of compounds of carbon and 
hydrogen mired with aubetaoces containing oxygen, aitrogen, aoii 
sulphur, also some mineral matter. A portion of thia mineral mat- 
ter sometimes exisbi in combination with the oxidized or sulphur- 
ized substances, forming compounds analogous to those produced by 
resins. Such compounds may dissolre in the liquids employed for 
the fractionation of the asphalt in analysis, and thus error arise 
from computing the loss by solution as due entirely to bituminous 
matter. 

Deposits of asphalt occur in all parts of the world ; each locality 
yields a material more or less dia^nct in character. Of late years 
much attention haa been paid to the analysis of aaphalt, especially 
in the United States, owing to the discovery of new and important 
local deposits and the extensive introduction of asphalt -paving 
in American cities. This paving is often merely an asphaltic 
mixture, inferior to the rock-aaphalta employed in Europe, Even 
mixtures of coal-tar pitch, and petroleum reeiduam without true 
asphalt have been used. 

Natural asphalts exhibit wide differences in composition. Some 
forms (rock-asphalts) consist of limestones or sandstones saturated 
with bituminous matter. In other cases but little mineral matter 
is present, and in still other cases the mineral matter is abundant, 
but is simply mixed with the bituminous material and does not 
produce a rock-asphalt. 

Blake (IVans. Amer. InsL Min. Engin., 1889-90, 663) gives the 
following list of tbe principal localities of the several types of 
asphalt : 

Hized with calcium carbonate, . . Seyssel ; Val de Traven ; Lob- 
suQQ ; Illinois. 

,, ,, sandatoae, Caliromia; Kentucky; XJtab. 

,, „ earthy matter (clay), .Trinidad; Veneznels ; Cnba ; 
Califomia ; Ulali. 
Bitnminona schiita, Canada ; Kentacky ; Califor- 
nia ; West Virginia. 

Some asphalts, such aa Trinidad and Bermudez, are submitted to a 
refining process before being marketed. This oonsists in beating the 
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crude material in large kettlee to not over 200° C, by which much 
water and some volatile matters are removed, portions of the earth; 
materials, principally clay and sand, allowed to settle, and some of 
the Don -bituminous organic aubstancee collect as a scum and may 
be removed. Petroleum residuum may be added during this 
operation, which will, of course, increase the amount of bituminous 
matter, especially that soluble in petroleum spirit, and produce a 
strongly fluorescent solution. 

Although asphalts have been used for a long period in engiDeering 
work, the first scientific investigation seems to have been made by 
Boussinganlt,' who, in 1836, examined aviacons material irom 
Fecbelbronn. He tried several solvents, but relied more upon a 
process of distillation in an oil bath, by which he obtained a liquid 
to which he gave the name " p£trol4ne." He assigned to this a 
composition of C„H^ (C ^= 6), pointing out that it was isomeric 
with oil of turpentine. The non-volatile portion he designated 
" aspbalt^ne," and assigned to it the formulaCg,H^O, (C ^= 6, 0=8), 
but recognized that oxidation had occurred during the distillation, 
and that therefore the proportion of aiphaltdne obtained was in 
excess of the true amount From an ultimate analysis of the 
material, he computed that the proportions of p6trol6ne and asphalt- 
^e were about 86'4 and 14'8, respectively. Heal so made a brief 
examination of the asphalt of Coxitambo. 

Boussingault's methods are not now used, but, by a curious 
misapplication, the terms petrolene and asphaltene have been ap- 
plied to the products obtained by the use of solvents. Efforts have 
been made to establish standards for judging of the value of an 
asphalt for -engineering uses by means of these methods. Carbon 
disulphide is sometimes used to determine the total bitumen, all 
oi^anic matter lefi undissolved being regarded as non-bituminous. 
For the fractionation of the bituminous matter, petroleum spirit, 
ethyl ether, acetone, boiling oil of turpentine, chloroform, and 
benzene have been employed. Usually the portion soluble in petro- 
leum spirit, ether, or acetone is called petrolene, and that insoluble 
in either of these liquids, but dissolved by boiling turpentine and 
cold chloroform, is designated as asphaltene. The organic matter 
insoluble in any of these solvents, and also in carbon disulphide, is 
considered as non- bituminous, and is thought to be objectionable if 

1 Am. d, Ckim., M (1S3T), MI ; ■!» Compl. Rend., Meeting of Sept. IS, I83S. 
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present in notable proportion, reodering the p«ving mixtures liable 
to rot in the gutters. It has also been stated that clay will tend to 
produce disintegration. Many engineers have adopted or accepted 
limits of the proportion of petrolene to asphaltene in asphalts in- 
tended for paving purposes. Thus, Tillaon* accepU anyrefined 
asphalt that contains from fiO to 60 per cenL of bitumen of which 
not more than 25 to 30 per cent, is a8pha]t«ne. This does not 
apply to rock-asphalts, which may contain less than 10 per cent, 
of bitumen. Petrolene is regarded as acting as a solvent on the 
•aphaltene. 

The calcareous asphalts hare a deep brown or black color, and 
break without any sign of cleavage, the fracture being earthy and 
very similar to chocolate both in color aod appearance. When 
long exposed to tbe air, the surface acquires the appearance of 
ordinary limestone, but on fracturing the specimen the interior will 
befound unchanged. Tbe proportion of bitumen cannot be judged 
from the appeaiuioe. 

The average specific gravity of rock-asphalt is about 2*23. It is 
very bard and sonorous when cold, and may be broken with a 
hammer. In summer it is softened by blows to a kind of paste, and 
at W to 60' falls to powder. Some rock -asphalts, such as that of 
Lobeann, contain a volatile oil which renden them greasy. This 
oil may be removed by distillatioa, after which the asphalt is fit for 
use. 

Qood rockaspbalt has a fine and homogeneous grain, and no 
particle of white limestone ia visible. The rock is often streaked, 
while other samples contain crystals of calcite of considerable size, 
but impregnated with bitumen like the matrix, which is an impor- 
tant characteristic. Bad qualities ara imperfectly impregnated, or 
contain so small a proportion of bitumen as to render it difficult to 
work them. The presence of clay spoils the homogeneous nature 
of the asphalt, and causes fissures. 

When intended to be used for paving, the Yal de Travers, 
Seyssel, and other rock-asphalts are often melted with a certain 
proportion of rich native asphalt, such as Trinidad pitch, the 
product being called " mastic." The mastic is often mixed with a 
further proportion of bitumen, residuum, shale oil, and mineral 
matter. 

Composition of Rock-A»phalte. — The following data are compiled 

> TVaiH. Am>T. Soc. Cir. Engin., ISOT, 214. 
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from TariooB souroei, u iadicated. The detailed aUtement of the 
mineral iogredients u given somewhat vaguely in eome of the 
reports, but the principal ingredienta will serve for comparison. 
The loss at or about 100° C. is designated by some analysts as 
water, but it may include bituminous matters: 
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CompotUion of Sofi AfphaUa. — The natoral aepbslte other than 
the true rock-asphalts show great differences in composition, both 
as regards the proximate constituents and the nature and amount 
of mineral matter. The following table includes the more impor- 
tant forms. Tbe total bituminous matter has usually been esti- 
mated by solution in carbon disulphide, or by successive extraction 
with petroleum spirit, boiling turpentine, and chloroform. The 
mineral matter is mostly a ferruginous clay. The ash, obtained 
by burning a known weight of the asphalt, does not represent 
exactly the mineral matter in the original material, but the diSer- 

1 Tran: AiKer. Soe, Civ. Engia., ISftT. 'Rep. to Qeol. Barre; of K;. (dat& f^m 
OvnoMi •onrota). ' Ind. Org. CStm. * Ann. Rap. 8tata If insral. of Calif., 

18S0; kvoMga ot fourteen mmplM. * J. A. C. S., 13Siuid1B9e. 'Pment 
■* iron nilpbida. ' Total minenl matter ; the details of oompoaitian are not given, 
eieept that Tarrelit« ii (tat«d to oouiit largely of s«a-a)iell* oBmeuted into a maai b; 
the bitoman. 
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fiDce is not important, tus at present the details of lU composition 
have no practical value : 
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Adulteratioks of Asphalt and Asphaltic Mixtures. 

Pure asphalt is much employed in the manufaoture of black 
Tarnishes and japans, and for other similar purposes. It is not 
unfrequently mixed with or substituted by eoal-lar pitch and other 
artificial products, which render it quit« unfit for Bome of its most 
important uses. 

Asphalt for vamiBh-making should be entirely (or with the ex- 
ception of 4 or 5 per cent, of earthy matters) soluble in carbon 
disulphide, chloroform, high-boiling coal-tar naphtha, and oil of 
turpentine. It is also said to be inBoluble in alcohol or a mixture 
of equal parte of alcohol and chloroform. It should break with a 
concboidal fracture and brilliant resinous lustre, the streak and 
powder being of a bright brown. Asphalt should not flow or lose 
shape like wood-tar pitch when left on a plane surface, and an 
angular fragment or chip should retain its shape and the sharpness 
of its angles in boiling water, and only begin to melt at about 
150° C Asphalt adulterated with coal-tar pitch has a muoh less 
brilliant fracture-surface, and an adamantine or metallic rather 
than a resinous lustre. When fused at as low a temperature as 
possible, the adulterated asphalt has a granular pasty appearance 
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aod feel, instead of beiog smooth and homogeneouH, and will not 
dntw out into even and transparent brown threads like pure 
aapbalt* 

The following figures, dne to E. Davies (j%ar»i. Jour., [3], xiT. 
394), show the behavior of certain natural asphalts, rook -asphalts, 
and their BubBtitntee, with petroleum spirit. The proportioos of 
sulphur and mineral matter are also recorded. 

For these analyses, 6 grm. of the finely-divided sample were 
digested for one hour with fiO c.c of petroleum spirit of 070 specific 
gravity, and the mixture frequently agitated. The liquid was then 
boiled for a short time, decanted, and the residue boiled with another 
quantity of 26 c.c of petroleum spirit. This treatment was re- 
peated eight or tea times, till the ezhausUon was complete. 
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Of these samples, those of American asphalt were evidently 
manufiictured and not natural products. They were probably 
petroleum pitch, and were black, brittle substances, having a con- 
choidal fracture and black streak. They diSered from stearin 
pitch in their brittleness and the proportion of sulphur. The 
Stockholm pitch was black, too aoft to powder, and very easily 

' Th« cbu«otan of miphklt tilted for vsniieh-inaking given ia tba t«xt sn taken 
ftom 8pon'« Enci/clopmelia. They ippiy to refined upbalt. 
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soluble in pelroUum spirit. The roBtn pitch had a ooocboidsl 
fracture, and gave a brown powder. The diSereat proportionB of 
matter soluble in petroleum spirit present in thesamples of coal-tar 
pitch were no doubt due to the extent to which the respective distil- 
latioDB had been carried. 

The following results have been obtained byA. E.Jordan in 
the author's lahorator;, b; the analysis of typical specimens of 
pitch: 





Ajsh. 


o.«». 


M.™. 


.™o.o,p™™sh... 










Pereent- 






VidXUe. 


^T^ 


Bolibki 


iBBhible. 


Solubl<L 

47-9' 

7853 


Asphalt (origin un- 
known), 

Trinidad pitch, . . . 


■60 
5-48 


80-79 

767s 


l8-6i 
1777 


47-63 
74-23 


SI77 
2029 


Petrolenm pitch, , . 
Sbkle-oU piteh, . . . 
Coal -tor pitch, . , . 
Bone pitch (inferior). 


■25 

■'5 
■33 


50-43 
66-40 

4933 
56-15 


49-57 
33-35 
50-51 
43-5* 


36-16 
6362 
.856 
29-96 


63-84 
36-13 
81-29 

6971 


18 -58 
30-05 



From a general consideration of the figures, it is apparent that 
Val d« Travers asphalt yields the whole of its organic matter to 
petrolenm spirit, and the other mineral pitches not sensibly less 
than one-half, but the soluble portion of coal-tar pitch does not 
exceed 25 per cent. Coal-tar pitch is only partially soluble in 
carbon disulphide, but a larger proportion dissolves than in petro- 
leum spirit The other varieties of manufactured pitch are not 
produced in sufficiently large amount to make their substitution for 
mineral pitch for paving a very important consideration. 

For the distinction between natural asphalt and coal-tar pitch reli- 
ance has sometimes been placed on the fluorescence of the petroleum- 
spirit solution when coal-tar products are present, but some crude 
asphalts also produce fluorescent and refined asphalt may contain 
petroleum residuum. Durand-Claye suggested the following 
test: The sample is digested in carbon disulphide, filtered, the 
filtrate evaporated to dryness, and the residue heated until it is 
hard and brittle after cooling: About O'l grm, is shaken for a few 
minutes with 6 cc of fuming sulphuric acid in a stoppered tube. 
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the tnixtore allowed to stand for twenty-four hours, and then 10 
CO. of water added, drop by drop, with constant stirring, after 
which the liquid is filtered through paper. Natural bitumenH will 
give a colorless or fointly colored solution, hut coal-tar pitch will 
giTe a dark brown. If the conditions of the test are uniform, 
approximate quantitative comparison of samples may be made. 
The following comparieonH were made in the author's laboratory : 

Rock asphalt, Faintly colored. 

Trinidad asphalt, Slight brown. 

Petroleam piteh, Ho color. 

Shale-oil „ Hair brown. 

Coal-tar „ Very dark brown. 

Bone pitch, ,, „ „ 

AspHALT-PATDto MIXTURES. — Many asphalts are unsuited for 
use in street-paving unleea mixed with tempering materials. Prac- 
tice, in American cities eepecially, has led to the selection of special 
proportions of petroleum residuum, sand, or etooe-dust, and pulver- 
ized limestone. As a guide to the composition of these mixtures 
tbe official specifications of two large cities and some engineering 
notes are given. The Philadelphia specifications are in part based 
on the results of an examination made a few years ago,' but agree 
in the main with those of most American oities. The Washington 
specifications are more scientific. 

J^UadelphUi, 1894. — If natural rock-wpbalt is used for tbe nearing surface, 
it shall be natural bitnmiDoos limeetone rock ; From tb« Sicilian mines at 
Bagnsa or the Catania mines, equal in quality and compoaition to that mined 
by tbe United Limmer and Vorwohle Rock Asphalt Company, Limited. 
From tbe Snia mines of Val de Traven, eqaal in quality and compoeition 
to that mined by the Nencbatel Rock Aepbalt Company, Limited. From 
tbe French mines at Bejasel, eqaal in quality and composition to that mined 
by Compagnie 0£n£iale dee Aspbalte de France in the proportions of fbnr 
ports of tbe Sicilian Bock to one of tbe Seyssel or Torwohle Rock. 

If refined asphalt is used for the wearing surface, it shall be composed 
of the best qnolity of refined Trinidad oi Bermudez asphalt, obtained from 
tbe so-called pitch or asphalt lake on the Islaud of Trinidad or froni Bermu- 
dez, Sonth America, or other asphalt which in qnality and durability shall 
be eqnal to the standard of the Lake Trinidad or Bermndez, heavy petro- 
leam lesidnnm oil, fine sand, flue stone-dost, floe powder of calcium car- 
bonate. Tha asphalt must be refined and as far as posaihle fteed from 

* Report of eipartt (Sadtler, Lsffmann, and Lewis) isleotad by Citlmu' 
HuDioipkl AHOoiatiDD aod tbe Tradet' I-vagiw of Philadelphia, ISM. 
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oi^nie and miaeral matter and volatile oil, Mid sbonld oantain at least siztj 
per teat, of bitnmiDona matter aoloble in carbon disolpbide ; the residnam 
oil must be fVee from coke and other imparities, of a specific gravity of 
eigbteeu or twenty -ttro Banm^, and withstand a fire t«et of 350° F. The 
refined asphalt and residnum ojl will be mixed in the following proportions 
1^ weight : asphalt 100, petrolenin 16 to 32. 

Tbe asphaltic cement made in the manner above dcoeribed will be mixed 
with other materials in the following proportion by weight — Tii. : 

Asphaltic cement, i3toi6 

Sand, S8to63 

Stone-dnst 13 to 38 

Pnlveiteed Hmeetooe, S^io 3 

WatMngUm, D. C, 1898.— When the refined asphalt is not of proper con- 
sietenc;, the oement may be prepared bj tempering the asphalt with heavy 
petroleum oil or other softening agent. Tbe oil used ehall be a petrolenm 
oil from which the lighter portions have been removed witbont cracking 
until tbe reaidnnm has the following characters : 

Flash-point, taken in a New York State closed oil-twter, not leas than 300° 
F. Distillate, at 400° F. for 30 bonia, less than 10 per cent 

The distillate should be made with about 50 grm. of tbe oil in a small 
glass retort provided with a thermometer and packed entirely in asbeetoe. 
Tbe residue after distilling must be flaid at 76* F. and not coarsely crystalline 
on cooling. 

Tbe proportions of asphalt cement and other material will depend on its 
various conditions, bnt the proportion of bitaminons matter aoluble in carbon 
disalpbide shall not exceed tbe limits of 9 to 13 per cent. 

The following formnia has been used by engineers for paving miitnra 
ooutaining Bermndez asphalt : 

Aaphalticcement (Bef.Berm. Asp.,100;Bes)duDm,ll), . lo-oj 

Sand, 7485 

Pulverized calcinm carbonate, i5'00 

R. B.Stanton (Tmru. Amer. Soe. Ofv. £nfftn., 189G, 73)a9edforreaerTolr- 
lining in California 4 parts best refined California asphalt and 1 partcmde 
petiolenm withont sand ; he also used broken stone, 2 inches and under, in- 
cluding all fine material. Traatwine employed at Philadelphia, foi reser- 
voir lining, 4 parts of Bermndez aspbalt and 1 part of a liquid California 
asphalt. 

Bowen's tester for ascertaining hardness of paving mixtures consists of 
a needle snspended on a lever arm connected with a thread tbat moved 
a pointer on a dial. The depth to which tbe needle sinks will depend on 
tbe hardness of the asphalt. Tbe appantns is mnch used, bnt two machinu 
will give concordant resalts only when constructed and operated exactly 
alike. Dow has devised a more elaborate spparatns, in which a needle pene- 
trates by a direct weight without friction. 
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Analytical METHOoe for Abfhalts. — It has been noted above 
that much difierence is shown in the practice of diSereDt aoalyBts 
in examining natural asphalts. Sometimes determinations have 
been of volatile matter, fixed carbon, aeh, and sulphur — figures 
vhicfa are applicable to fuels, but throw no 
practical light on the value of the asphalt 
for the uses made of iL 

It is not possible to decide at the present 
time as to the preierable method of analy- 
sis, and therefore several of the beet known 
will be given. Moat of these involve ex- 
traction by simple solvents, and, as the origi- 
nal papers show, separating funnels, flasks, 
or beakers have been much employed, but 
the Soxhlet extractor is oflen more con- 
venient. The sample may be mixed with 
fine sand or fine asbestos, placed in a plaited 
filter made of hardened paper and tied with 
a wire. This is put into a Schleicher and 
Scbilll paper thimble, which is set in the 
Soxhlet tube, supported by a short, wide 
glass tube about 2 cm. long (a piece of a 
test-tube will serve). The thimble should 
stand at such a height that its top is just 
beloto the level of the turn of the siphon ; the 
edge of the filter must not project above the 
top. A Oooch crucible is set snugly into the 
thimble so that the top of crucible is ahmK 
the turn of the siphon. By this arrange- 
ment all the porous materials are bathed in 
the solvent and no fine particles can float out 
of the filter. It is easy to arraoge the appa- 
ratus so that the drops from the condensing- 
tube fall directly into the fllter and escape 
through the paper. 

Figure 1 shows the arrangement. The 
condensing apparatus is a double ball, the outer surface nickel- 
plated. The space between the two balls receives the vapor of the 
solvent and communicates with the vertical tubes at the top and 
bottom ; the inclined tubes communicate with the inner cavity and 
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carry the cooling water, the direction being indicated hj an in- 
wardly- pointiag arrow. (For other forms of extracting apparatus 
§ee Appendix.') 

In these operations the portions extracted by BolT«its are usually 
estimated by loss in weight suffered by the sample, and it has been 
assumed by many analysts that the soIventB will take up only 
bituminous matters, but it is now known that notable amounts of 
mineral matters may also be removed. Richardson asserts that 
these are mostly not in solution, but in suspension in such fine 
division that they will pass through any filter, and will not subside on 
long standing, but may be almost entirely removed by long whirling 
in a high-speed centrifuge. It is probable that proper fractionation 
cannot be made except by distillation in a non-oxidizing atmos- 
phere. There ia a limit, however, to the extent to which the dis- 
tillation method can be used, even in an inactive atmosphere, for the 
ao-called "cracking" of the hydrocarbons may occur, by which 
simpler and morb volatile bodies may be formed from the lees vola- 
tile ingredients. 

Water. — The water in asphalt samples being hygroscopic, the 
proportion will be influenced by tbe condition of the atmosphere. 
Samples should be dried to constant weight at a temperature not 
above 60° C. Linton has shown that the loss of weight at or 
near 100° C. will include volatile hydrocarbons. Richardson 
dries samples over sulphuric acid at low pressure, but P e c k h a m 
considers thb unnecessary. (For drying apparatus see Appendix.) 

Non bituminous Organie Matter and Ask. — As noted above, the 
organic matter not soluble in the various solvents used for fraction- 
ating the asphalt is noted as "non-bitumiaous organic matter" or by 
some similar descriptive term. It is estimated by diflerence ; the 
total residue left after the various solveots have exhausted their 
action is dried, weighed, ignited until all carbon has disappeared, 
and weighed again. The loss of weight is considered to be non- 
bituminous matter. It is obvious that if the original matter 
contained notable amounts of carbonates, the total loss will include 
the carbon dioxide that has escaped. Tocorrecttbis, tbe asb maybe 
recarbonated by allowing it to remain some hours in contact with a 
solution of carbon dioxide in water, or by heating it with ammonium 
carbonate solution, evaporating, and heating gently. Ash may, of 
course, be determined directly, without extraction. This will give 
a more accurate result in some cases in consequence of the soln- 
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bilitf of Bome of the mineral material in the BolveDtB used. The 
detailed examinBtion of tbe aeh is conducted according to the usual 
methods for clay, limestone, or sandstone as the case may be. 

&dpkur. — Richardson recommends Mabery'smethod — com- 
bustion in a current of ozygeti and absorption of the sulphur dioxide 
by standard alkali. Day' found considerable difficulty in deter- 
mining sulphur in a specimen of Utah gilsonite, owing to the 
liability of sulphur compounds to distil before oxidation. He 
finally succeeded by oxidizing the material in an open Tessel with 
strong nitric acid by aid of heat. In time the material dissolves 
completely to a dark red liquid. When this condition is reached, 
the solution should be poured into cold «at«r, by which a reddish- 
brown precipitate is formed, which contains all but traces of the 
sulphur. This mass is well washed, aud the sulphur determined by 
Eschka'smethod. 

E. H. Hodgson' has made tests of several methods for deter- 
mining sulphur in asphalts, and finds that Ca r i u s' method — oxida- 
tion by fuming nitric acid — gives the best results, but is tedious and 
liable to explosion. This process is thus described : The tubes used 
were made of heavy glass. Two determinations were made on 
each sample, one with one gram of material and one with half a 
gram. The sample is placed at the bottom of the tube and 16 cc. 
of fuming oitric acid (ep.gr. 160) poured on. The open end is 
then drawn out fine, but not sealed, and the tube heated for about six 
hours in water kept at from 80° to 90° C. Five cc more of acid 
are added, the tube is sealed, and heated in a guarded oven (on 
account of danger of explosion) at 150° C. for from four to five 
hours. Allow the tube to cool, open, reseal, and heat again for from 
two to four hours at a temperature of 180° to 200° C. Cool, open, 
and remove the liquid to a beaker of 250 cc capacity ; dilute with 
water, filter, and wash. If the residue contains anything but sand 
it is saved and treated separately. The filtrate is evaporated to 
dryness ou the water-bath, adding a piece of sodium hydroxide. 
The nitrates are completely decomposed by repeatedly evaporating 
the solution with hydrochloric acid and the silica rendered insoluble 
by heating to 110° C. in an air-bath. The mass is cooled, 2 or 3 
cc. of hydrochloric add added, then 100 cc of water, the mixture 
edrred, filtered, the filter well washed, and the filtrate diluted to 
200 cc, heated to boiling, and 20 cc. of a 20 per cent, solution of 

'J. Frank. Intl., \oi. 140 (1895), S21. ' J. A. €. S., iS99, 882. 
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barium chloride added from & burette at the rate of about one drop 
each second, stirring all the time. When the chloride is added, boil 
for about ten niinute§ and allow to stand twenty- four houra. Filter, 
waih with hot water, dry, ignite, cool, moisten with sulphuric acid, 
re-ignite, co<^, and weigh. 

Eschka's method is next in accuracy to that with fuming 
nitric acid, and is carried out aa follows : 

One gram of the fiuely ground material is intimately mixed 
with one gram of calcined magnesium oxide and a half gram of 
mixed potasMum and sodium carbonates added. The mass is 
thoroughly mixed and heated to dull redness in a platinum or por- 
celain crucible, with constant stirring, until it is converted into a 
dull yellow ash. The crucible is cooled and abont a gram of finely 
powdered ammonium nitrate added and well mixed. The heat is 
again raised to dull redness and continued until all the ammonium 
nitrate is decomposed. The mass is cooled, extracted with hot 
water, filtered, the fitter well washed, the filtrate and washings 
acidulated with hydrochloric acid, and precipitated with barium 
chloride in the manner described under Carius' method. 

The methods employing sodium dioxide or nitrates are apt to be 
too low. 

Fradionaiion of Atphatis ; Determination of So-called PetraUne and 
Aij>hallene. — The results obtained by the following processes are 
more or less arbitrary, aud cannot be regarded as true proximate 
analyses ; but it must be borne in mind that engineers have reached 
certain opinions as to qualities of asphalts for special purposes, and 
have interpreted the analytic data in accordance with these prac- 
tical results; hence in examining newly-discovered asphalts it may 
be necessary to use the older methods, even if improved processes 
should also be employed. 

Riehardton's llelhod'. — For Trinidad asphalt, separate weighed 
portions of the sample dried in vacuum over sulphuric acid are 
extracted in Erienmeyer fiasks, provided with reversed con- 
densers, the solvents being kept boiling for the first portions about 
ten or fifteen minutes, the later extractions much longer. Be- 
tween each addition of fresh solvent the liquid is decanted through 
an asbestos filter made in a Qooch crudble. The extraction is 
repeated until a fresh portion of solvent is no longer appreciably 
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colored. When carbon disulphide is used, the whole of the filtrate 
is collected and burned in a platinum baein, the residual bitnmiDOUB 
matter ashed and weighed. This weight is deducted from the loss 
which the original material has sufiered by the extrectioD. The 
petroleum spirit filtrate is not regarded as containing an apprei^a- 
ble amount of mineral matter, and hence is not further treated. 
The undissolved material from either extraction is weighed and the 
loss coDDted as bituminous matter disBoWed, subject to the correc- 
tion already noted in the case of the carbon disulpbide. The 
petroleum spirit used should have a specific gravity of about 0*660. 
All solvents should be free from water. 

The Qooch crucibles are more convenient if made broader and 
shallower than the usual form. 

Bermudez asphalt requires a somewhat difierent method, owing 
to its sticky nature, which prevents drying of it by powdering and 
exposing to the air. The samples may be heated to the softening 
point, but some volatile matter other than water will be lost. 

Linton' a Method.' — The dried sample is weighed on a tared filter, 
which is then placed in a separator-funnel, 50 c.c. of petroleum 
spirit poured on, allowed to remain a few minutes, and then drawn 
off; more of the spirit is then added and also soon drawn off. It is 
necessary that the first portions of solvent should not become highly 
charged with soluble matters, since these may be precipitated as the 
liquid runs oat of the funnel. When the mass is nearly exhausted, 
the later portions of solvent may be left for some hours in contact 
with the sample. The extraction must be carried on until the solv- 
ent ceases to be colored. The filter and its contents are dried in a 
steam-bath and weighed ; the loss of weight represents that portion 
of the asphalt commonly designated as petrolene. 

The filter and contents are placed in the separator -fnunel, enough 
boiling oil of turpentine added to cover them, and the mixture 
allowed to stand for some hours or overnight. The process must 
he repeated with fresh portions of boiling oil of turpentine until the 
filtrate is colorless. The mass is now treated with chloroform 
sufficient to cover it, and at least an hour allowed for solution. 
Washing with chloroform is continued until it passes through color- 
less. The residue is dried and weighed ; the loss is designated 
asphaltene. The filter and contents are burned in a platinum cm* 
cible, and if the sample originally contained a notable amonnt of 
>J. A. a 8., 1894, BID ; ISSS, STB. 
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calcium carbonate the residue should be re-carbonated before 
veighiDg. 

Sadller't MHhod.' — An asbestos filter is made in a weighed 
Qooch crucible and dried. About 10 grm. of fine white sand, pre- 
viouely ignited and cooled, are added, a piece of stout platinam wire 
7 or 8 cm. long is placed in the crucible, and the whole dried to con- 
stant weight at 100°. One to 2 grm. of the sample in fine ponder 
are added, gentl; mixed with the upper portion of the sand layer with 
the aid of the platinum wire, care being taken not to disturb the 
asbestos filter. If the sample be a liquid bitumen, it is gently 
mixed with the sand layer afler slightly softening with aid of the 
drying oven. The weight of the whole is accuraWly taken, and 
then dried at 100° to a constant weight in an air-bath or water- 
oven, cooled in a desiccator, and weighed. The crucible and con- 
tents are placed in a continuous extraction apparatus formed by 
placing a small conical percolator within a larger one, the inner 
one being held in position by a perforated cork. The cnidble is 
placed in the inner percolator ; the outer one is connected with a 
flask coDtiuning pure acetone, and with an upright condenser. 
The flask is heated by a water- or sand-bath. Acetone is Brat used 
and the operation continued until the loss on continuing the 
eztracUon for two hours does not exceed 2 mm. The loss of 
weight computed on the weight after drying is designated petro- 
lene. The extraction is then continued with chloroform, and the 
additional losa is designated asphaltene. The duration of the total 
extraction varies with difierent samples, but usually twelve hours 
for the acetone and eight hours for the chloroform will suffice. The 
loss of weight should be taken every four hours at first, and then 
every two hours until the extraction is complete, the crucible and 
contents being dried at 100° each time and cooled in a desiccator. 
The final residue in the crucible is considered to represent the non- 
bituminoua organic and mineral matter. It is ignited after plac- 
ing the cap on the bottom of Che crucible and weighed ; the loss is 
designated n on -bituminous matter, the residue mineral matter or 
ash. 

Endemann's Method.^ — Crude or very rich asphalts are sub- 
jected to a preliminary treatment strictly similar to that em- 
ployed in refining on the large scale — to wit : Kot less than 200 
grm. should be put into a vessel with straight, perpendicular 

■ /, Frank. /n.I., »oI. I4D (ISKS), .18S. */. S. C. /., 1M6, 871. 
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Bides, about half aa wide ae deep, and of such capacity that the 
amoQDt of sample used does not moretban half fill it. It is stirred, 
if possible, during the heating. The eud temperature should be 
from 175° to 235° C, according to the application to be made of the 
asphalt The loss should be noted, and called light petroleue aud 
water. Endemann does not atate how long the heating is to be 
continued. If it be not desirable to promote uniformity by stirring 
and much mineral matter subside, the ratio thus removed should 
be ascertained by determinations of the mineral matter in both the 
crude and laboratory-refined, under proper consideration of the 
concentration of the material during the process. After ascertain- 
ing the loss due to refining, some of the material it poured out, 
cooled quickly, and analyses made as follows : 

Fivegnn. of the refined asphalt (or more, if much mineral matter 
be present) are treated with chloroform, and the residue is collected 
on a weighed filter and treated in the ordinary way — for example, 
as described by Linton. The chloroform solution is distilled from 
a weighed flask, and the residue dried at 120° C for half an hour. 
In order that this residue may be collected in a small flask, it is pro- 
posed to allow the solution to flow in through a funnel with stop- 
cock, aa the distillation proceeds. 

About 0'2 to 0'5 grm. of the residue are placed in a porcelun 
boat and maintained at 250° C. in a current of carbon dioxide for 
twelve hours. The mass should be spread over as large a surfiice 
as posuble. The tube containing the boat is closed at the end wilh 
an asbestos stopper. The loss of weight is assigned as petroleue; 
the reaidae ia not a pure bitumen, but contains, as Endemann 
has shown, a notable amount of mineral matter, which passes into 
the chloroform solution, in consequence of existing in some form of 
combination with the oxidised portion of the bitumen. The residue 
most be burned off, therefore, and weighed when the loss is assigned 
as aspbaltene. 

Compariwm of Methods. — It is obvious that these methods will 
not give strictly comparable results on even the same specimens, 
and that the designation of particular fractions as petrolene or 
asphaltene, without indicating the method of extraction, may be 
misleading. Endemann's method reverses the ratio between 
petrolene and asphaltene as given by the other methods. In 
accordance with the results by extracUon with solvents, engineers 
have regarded 30 per cent of aspbaltene calculated on the total 
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bitumeQ aa th« highest permisBible limit for pftving asphalt, but 
Endemann's figures make the oaphalteae the more abundant 
ingredieDt. 

Endemann itates that he has found that the asphaltenes ob- 
tained bj his process from Mexican and Trinidad asphalts are 
identical, and that by dividing by three the figure for petrolene 
as given in analyaie by the extraction method, and adding the 
diflerence between the two figures to the asphaltene, an approxi- 
mation may be obtained to the results of his method. This recal- 
culation is adapted only to paving-asphalts. A table giving some 
recalculations of analytical data according to this rule is given 
later. 

Peckham' has compared the results of the application of 
Linton's and Sadtler's methods to identical ssmpies, and finds 
considerable difl'erences. He gives the following figures. The 
exact nature of the sample marked " £pur£e " is not stated, but it 
is not the ordinary refined asphalt. 

Lintoa'a M«tbod : 

TbIMIDAD AaPHlLT. 

Crude ^pDrt*. 

Salable In petroleum spirit, . . . '3373 33 '^^ 

,, „ boiliogoilof torpentine, lO'Si iS"57 

,, ,, chloroTann, 8-iz 3-67 

Total bitumiDonB matter, S^'3^ 51 'S6 

Organic matter not bitumen, . . . lo'Ss 1015 

MiDCTsI matter, 36-71 37*97 



Sadtlei's Method : 

Soluble in acetone, z8-t8 s6'3t 

„ ,, chloioform, 37-00 39-17 

Total bitnmiDons matter, SS'iS 554^ 

Organic matter not bitamen, . . . g'Sj 9-60 

Mineral matter, 34'9S 34'9Z 

A sample of very dry EgyptJao asphalt and one from the 
Athasbasca River re^on were selected &a representing the ex- 

> J. Frank. Intl., IBBfl. 
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tremes of variaUon in compoeition, and the solubiliti«fl in petro- 
leoDi spirit and acetone compared, as followa : 



Pel oeot. soluble in acetone, S-6S 34 '33 

,, „ „ „ patroloara spirit, . . 38-03 7386 

Acetone should not be subetituted for petrolenm spirit uulen 
notice is given in the report of analyBis. 

S a d 1 1 e r furnishes the following figures obtained by the acetone 
method, but gives no comparative analyses. It is to be noted that 
the Trinidad and Bermudes samples were the commercially refined. 

TuHiDAD. ButmDiz. Alutbaz (llqnld). 

Soluble in acetone, 4^-4° 6647 89-21 

„ „ chlorororm, .... 15-14 89-66 9-39 

Oi^^ic matter Dotbitamen, . 3-01 1-76 trace. 

Uineml matter, 35'44 ^'H i'4o 



VUimate Compoeition of AgphaUt. — The ultimate composition of 
an asphalt will, as a rule, be of little value in determining its appli- 
cation in enipneering or industrial operations. The amount of 
salphur and nitrogen may be of some moment. The former is 
regarded by Richardson as iafluencing materially the hardness 
of the asphalt by inducing polymerization, but this view has not 
been accepted by all experts in this field. The oxidation of the 
sulphur, which is probably mostly present in combination with 
hydrocarbons, in forms analogous to the mercaptans, may produce 
adds which will injure the asphalt proper or the paving mixtures 
made with it. Nitrogen is usually present in small amount, and, 
in part at least, in the form of pyridine derivatives. The following 
figures are taken from results given by Richardson,' who gives all 
the elements present in the bituminous matter, but only the sulphur 
and nitrogen are here transcribed. In each case the percentage is 
calculated upon the extracted bitumen. Oxygen, according to 
Richardson, is not present in the bituminous matter of asphalts, 
except in traces. It is found in notable amount in the non-bitu- 
minooa oiganic matter. 

1 CoDliiballoiM from Lkborfttorf ot Bsrber Atphslt Pftviog Co., No. 1, 189S. 
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N. S. 

Nevada, 1-30 976 

Texas, Uvalde Co., o-sS 960 

Italy, Aucona, i 40 9-39 

EETPt, 019 852 

Caba, B^ncal, 009 8-2S 

California, 'Waldorr, 035 647 

Trinidad, Lake, oSi 6-16 

„ Land, 0'45 4'9S 

Bermndez, bard 075 3-9) 

Sicily, rock ospbalt, 0-33 3-69 

Bermndez (maltha), 5-87 

Montana (maltlia) 3-9Z 

Mexico, I '48 

California, Alcatiaz (maltha), t'2i 1-3Z 

Oilaonite, Utah, 079 179 

Albertit«, Nen Brunswick, 0'4i i'2o 

Bromine and Iodine Absorption, — Endemaon obtained the fol- 
lowing figures fur iodiiie abaorption. 'So hydriodic acid vaa formed, 
hence the iodine all formed additive compounda : 

Land. Lake. Uuican. 

Iodine, percent, in twenty honra, . . so'ji i9'04 31 '90 

Richardson gives numerous observatione of bromine abeorp- 
lions. The following percenti^eB are taken from bis tables : 

BaoiiiHa Hydbobkohic 
Absokbed. Acm Fobubd. 

Trinidad, pare bitumen, 30'43 I2'i9 

19-35 
Crude Bermndei, varions samples, - 



. ] 31-69 
t«.83 



Caliromia (maltha), I3'73 

Alcatiaz (liquid) 29'3' tg'Ss 

Nature of the Hydrocarboru in Asphalt. — Richardson baa 
studied the hydrocarbons in Trinidad and Bermudez asphalts by 
fractional distillations, under conditions which reduce to a mini- 
mum the liability to cracking. The lighter oils seem not to contain 
methanes, ethenea, ethinee, or naphthenes, but to belong to a dicyclic 
series. 

AriiJidtU AspkaUa. — Many attempts have been made to employ 
tbe pitches and reaiduums from coal-oil and coal-tar as substitutes 
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fi)r asphalt Some of these paviDg mixtures have been Iwd ezten- 
Bivelj in American cities, but have almost alvaja been unaatisfkc- 
tory. A few special forma of substitute asphalts deserve notice- 

" Pittsburg flux " is produced by heating coal-oil residuum with 
sulphur; much of tha latter is converted into hydrogen sulphide and 
escapes, but a notable amount is retained. A tough and sticicj 
mass is produced, which melts only at a high temperature. It 
diffbrs, however, from true asphalt in several important particulars. 

" Sludge asphalt " is made from the sludge-tar of the petroleum 
refinery by the use of sulphur, and resembles asphalt more closely 
than does " Pittsburg flux." 

"Byerlyte" is made from the heavy petroleum oil left after the 
burning oil has distilled. This is heated gently for five or six days, 
a current of air being passed through continuously. It contains, of 
course, uo sulphur, but the quantity of oxygen is not large.' 

According to Sab in' these substitute asphalts have both advan- 
tages and disadvantages as compared with the natural material. 
The substitute materials resist the action of sodium hydroxide. 
They can be mixed with rosin and some mineral oils, but not with 
vegetable oils. 

The following figures for nitrogen and sulphur in these products 
are given by Richardson; 

H. B. 

Kttsbargflux a-jS 410 

Slndge asphalt, 0-00 4-87 

Linton' made analyses by her method (see p. 83) of several 
artificial asphalts of the typeof Pittsburg flux, and obtained the fol- 
lowing results : 

gOLDBLB SOLUBLK IK OBOIMIC 

IK CuMBOraBH MlTTEB 

PCTBOLBUK ADD NOT 

Spirit. TmrinTiHE. Solublk. 

FromCalifoniia, "OradeB," . . 645 21-35 i3'7 

„ „ "Grade D," . . 63-5 3000 6-i 

Dubb's artificial aspbalt, .... 668 31-00 1-3 

Recidcuiation of Aspludl Analyeet by Endemann's Rule. — For 
purposes of comparison some reported analyses by the extraction 
method have been recalculated, so as to show the approximate 

*J. A. as., 1896,283. 
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jield of petroleD« aod aspbaltene by EodemanD'a method (we 
rule on p. 86). 

Calculated noH 

Pbtbolbni. Abphiltbhb. dataoivkhbt 

HBxican, lefined, . 2904 ^^'7 End«raaiiD. 

Trinidad, „ . 155 461 Sadtlei. 

„ „ . 130 426 Tillson. 

,, cmde, Lake, 117 4i'0 Feckham (sTeiage). 

„ ,, bard, ii'i 40'6 ,, ,, 

,, 6piir6e, . . HZ 379 „ 

„ erade, Lolce, H'S 40-z Linton. 
Turrellits (Texas), 

Bermndes, cmde, 



„ leaned, 

Alcatraz, liqoid, . 



69-0 
73 9 
698 



Sj actual comparative analysis Endemann obtaioed, &om a 
sample of refined Mexican agpbalt, 87*12 per cent, of petrolene hj 
■oluUon in petroleum spirit, and 26'51 per cent, by distillation. 
This latter figure ia not materially difierent from that obtained bj 
calculaUon, according to hia rule. 



PETROLEUM AND SHALE PRODUCTS. 

The parallel products obtained by the distillation of crude petro- 
leum and the oil or tar from bituminous ehale (p. 38) present a 
marked similarity in general character, though diSering notably In 
certain respects. As a rule, the treatment of petroleum ia a much 
simpler operation than the manufacture of marketable products 
from crude shale oil, but, broadly speaking, the same method of 
treatment ia applied to both of the raw materials. The process 
employed consista esaentially in fractional distillation, and treat- 
ment of the separate fractions successively with sulphuric acid and 
caustic aoda, to remove bodies of acid and basic character and to 
destroy the lees atabie hydrocarbons. The leas volatile portions 
deposit paraffin vax on cooling. The following table shows in 
parallel columns the character and quantities of the products 
obtained in first-claas works from crude American petroleum of 
O'SOO specific gravity and Scotch shale oil produced at the works of 
the Broxburn Oil Company: 
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FmoDnciB. 


F«».p™ol«,-. 


FbouShalbOii. 


BpeoIBo 




■800 to -Sio 
■Ms 




CmegoxiuidBUROlane; 


W to -fas 

■63610-657 

71410718 
7aS»737 

■87s 


TerrtcHll 
lolois 

JO Wis 

a to ID 


'3 


■'B"K»p(.thi^ 

"A"Niphlh.C"baiirin") 

KtTgatiDtorbDnliiEOll, ....... 


*"*"'' 





The yield of burning oil from any sample of petroleum may be 
inoreased nearly twenty per cent with corresponding diminution of 
heavier products by a modification of the distillation by which the 
hydrocarbons of higher boiling pointg are changed by diasociation 
or, perhaps, in some cases, polymerization, into bodies of lower 
boiling points. This process, technically known as " cracking," 
was discovered by accident in an American refinery about forty 
years ago, and ia now generally adopted since an increase in the 
burning oil is the most valuable result to the refiner. The chemis- 
try involved in the change ia not thoroughly understood. It is 
carried out in practice by arranging the distilling apparatus so 
that the hydrocarbons are condensed and fall back in drops upon 
the much hotter body of the liquid in the still. By this action the 
condensed oils become overheated and changed. Burning oils 
obtained by this method are different from, and somewhat inferior 
to, those produced by normal distillations, but the process, as noted 
above, is very much in vogue. 

The Abruzzo bitumen is said to yield on distillation : 





PBBCEJiT. 


Bpicmc QBiviTT. 


Fi.A«nKO Fo 


Bamingoil, 

Lubricant, 


•5 
33 
l6i 


■850 

■94S(?) 
■990 (?) 


54'5° 



The products from Rnssian petroleum are very different in both 
density and percuitage from Uiose yielded by the American oil 
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(see pp. 60, 63). BaDgoon tar of 0'885 specific gravity ^vea, 
oa an average, the following proportions of refined products: 
Bnrning oil (sp. gr. 0'832), 30 per ceot.; lubricating oil (sp. gr. 
0'901), 51 per cent. ; and paraffin scale (melting at 61'4*' C), 10*7 
per cent. 

The products obtained by the distillation of ozokerite have 
already been described (p. 68), 

The number of products into vhich the more volatile portions of 
shale oil and petroleum are fractionated varies considerably accord- 
iug to the practice of the works, hut gasolene and the more volatile 
products are obtainable from shale oil equally with petroleum. The 
only commercial product obtainable from petroleum having no 
analogue amongst the products from shale oil is the substance 
known as vaseline. Sad tier (Ind. Org. Chen.) quotes the fol- 
lowing table from Wagner's Jahresberiehl, 1886, for the percent- 
<tge yields of petroleum distillation on the large scale : 



CaiiDB Oil. 


Oils. 


1st 2sd 
OIL OIU 


Rksiddum. 


Penasylvania, 


3t^6 

4 
lo-S 
Sto6 


60 to 75 
55 to 6s 
3S»fl4S 
6oto7o 


Sto6o 
30 to 4" 
55 to 60 
as to 35 

36 
SO to 60 


Alsace, 

Baku (Bibi-Kbat), 

„ (Batakban), 


4o 
a? to 33 


'3S 
5-6 



The more volatile products from petroleum are briefly described 
OD page 96. The similar fractious from shale oil closely resemble 
the petroleum products in their physical characters, but they con- 
tain a much larger proportion of ethenes. This chemical distinc- 
tion baa been traced by the author ia each of the parallel products 
from American petroleum and shale oil, and is the cause of some 
curious differences in the behavior of theee substances as solvents 
and with chemical reagents. 

Engles and Jezioranski have examined oil from Pennsyl- 
vania, Galicia, Sumatra, Baku (Bibi Eibat), and Pechelbroua. 
They consider that the fractions boiling below 200° C. consist 
mainly of metbaoes, except with the Baku oil ; the portions 
boiling above 200° C. contain ethenes (olefius). 
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The following table gives b general idea of tbe chemical compo- 
sition of the leading commercial hydrocarbon products derived 
from bituminous ahale and American petroleum. Of course, the 
quantitative composition is liable to considerable variation, and 
hence most not be interpreted too strictly. The general and 
analytJcal characters of the products named in the table are 
described in the succeeding sections. The hydrocarbons from dis- 
tillation of coal do not admit of parallel comparison with those 
from petroleum and shale. 



PaOMCT. 


.,„.,„„,..„. 


Ahbbicih Petbolbuh. 


Napba», .... 


At least 50 to 60 per cent. 


At least 75 per cent, of 




of beptene and bomo- 


beptaoe, and bomo- 




lognes. The lemuDdeT 


lognes. Tbe remainder 










of benzenes. 


with distinct tiawa of 


Kerosene, or bom- 






tagoU, . . . , 


SO to 80 per cent or more 


SO to 80 per cent, of 




of tbe bigtier ethanes. 


higher members of the 










thanes. 


remainder chiefly eth- 


Lnbricatingoil, - 


Chiefly ethenes, with 


A large proportion of 




some polymerised mem- 


higher elbenea, bat less 




beiB of the ethines. 


■hale prodnct. 


Vaseline 


No SDcb prodnct. 


Chiefly higher (iso-?) me- 
thanes of low melting 
point 


Paraffin, .... 


Methanes. 


Metbanee. 



From this table it will be seen that while the methanes are con- 
spicuous in American petroleum, shale products are remarkable for 
their richness in ethenes. Id consequence of this peculiarity of 
constitution, concentrated nitric and concentrated sulphuric acid 
act fiir more vigorously on shale products than on the parallel pro- 
ducts from petroleum, and the proportion of methanes given in the 
above table really represents the percentage by measure of hydro- 
ear hons which withstand a consecutive treatment with nitric acid 
of 1*45 specific gravity, concentrated sulphuric acid, fuming sul- 
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phuric acid, and cauatic soda. BuBsian petroleum behavea nith 
reageats much like American petroleum, but conaiBtH largely of 
cyclic hydrocarbons (naphthenea). (See p. 60.) 

A much more Batisfactory method, and one which givea fairly 
Gonatant results, is based on the fact that methanes and naphthenes 
do not react with bromine, nhilst the hydrocarbons of moBt other 
series take it up freely, forming addiUve or subatitution products 
(p. 24). 

The following table shows the results obtained by the author as 
to the action of bromine on various representative commercial 
products from shale, and American and Russian petroleum. The 
shale products were furnished by Mr. R. Teryet; those derived 
from American petroleum (with the exception of the gasolene and 
vaseline) were furnished by Mr. J. MerriU,of Boston, Mass. ; and 
theBuBsian petroleum products by MessrB. Ragosine&Co. The 
solution of bromine in dry carbon disulpbide was allowed to act on 
the dry oil for from 15 to 30 minutes in the dark, when potassium 
iodide was added and the liquid titrated with decinormal thiosul- 
phate. After titration the solution was filtered, and the aqueous liquid 
titrated with standard caustic alkali and litmus. From the amount 
used, the proportion of hydrobromic acid formed was ascertained, 
and from this the bromine existing in that form was calculated. 

From these results it will be seen that there is in every case a 
marked difference between the proportion of bromine assimilated 
by any of the shale products and the quantity which combines with 
the parallel product from American petroleum, especially in the 
lighter fractions. It is evident, however, that the results must not 
be interpreted too strictly, for an oil which was obtained by 
"cracking" would be richer in ethenes, and hence would show a 
higher bromine- absorption than one of another kind. 

The results yielded by the products from Russian petroleum are 
still more striking, though other samples of kerosene have shown 
higher absorptions (e. ;., 16 per cent.) than those given in the table. 

The following deter minationa by Mills and Snodgrass were 
made by the process described in Vol. II., part 1, page 63. 

PBODUCT. SPBCinC GBITITV. BKOmirB-ABlOKPTIOI'. 

Lubricating Bbale oil 'S6o ii-z 

„ -870 20'6 

„ „ 890 ij6 
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■7*> 
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4-0 
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petroleum, 
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183 


... 


Bdbminq Oils— 








Ftom shale, 


■813 


S*-3 


30 




■800 


34'8 


... 


Prom Bgwian petroletun, . . 


•8ai 


2-0 


01 


HrriKiiEDiATB Oils— 








From shale 


■850 


48 -a 




" Mmeral apeim oil " (Anwii- 








c«D petroleota), 


■847 


3'-3 


... 




868 


19 


o-i 


LuBBicATiMa Oils— 








From shale, 


■890 


a5-6 


5-8 


Cfliader oil (from shale), . . 


■890 




... 


From American petroleum 








(heayy spindle oil), .... 


■900 


11-7 


... 




■904 


4-9 


08 


"Champion oil" (Amer. petr.), 


911 


9-9 


0-8 


Cfliuder oil (Rnniau petr.), . 


■909 


S-8 


06 


Vaselines— 








From American petroleum 










■8S6 


II -3 


1-8 






1-7 


0-3 


Pakaitin Waxes— 








From shale (m. p. B2f>), . . . 




1-7 


0-5 


From petroleum (m. p. 64"), . 




09 


o-a 



;yC',OO^IC 



Theae reaulte are interesting u flhoviDg the diminntion of the 
bromine- absorption with the increase in the density of the oil, and 
preaumably with the mean molecular weight of its constituents. 

Mineral Naphtha. Petroleum Spirit. Shale Naphtha. 

Theae names are employed to signify generally the more volatile 
fractions obtained by the distillation of petroleum or shale oil. 
By some msDufacturers the products from American petroleum are 
further divided into fractions distinguished in following table. B. 
Redwood gives the following classification of the more volatile por- 
tions of American petroleum : 0'637, rhigoleae or cymc^ene for 
surgical purposes; 0*642 to 648, gasolene for airgas machines; 
0-680, boulevard gas fluid for street naphtha lamps ; 0690 to 0-707, 
prime city naphtha (benzolin) for sponge-lamps, &c.; 0'729, beoiiii, 
for oil cloth and varnish making. 



™..«»..».„ 


r.'jr 


t^Sl 


».^™.. 


Cymogeae, 


io8 


0-S88 


Consists chiefly of 
tetnme, C.H,^ 


^./Rhigolene, 

1 j Gasolene (Canadol), . 


94 to 92 


0-625100-631 


Consists chiefly of 
pentaoe and iao- 
pentane, C>H„. 


95 to 80 


o-6j3too-666 


ansists chiefly of 
hexane, CH„, 


^ ,C. naphtha, ... 1 
^g- Benain-naphtha, . J 


761070 


0680 to 0-700 




__! E.iuiphths, . . . . 

-» S ' A. naphtha, ... 1 
■^ Benrin, * 


66 to 65 


0-714 to 0718 




59.058 


0-740 to 0-745 





The term ligroiin is sometitnes used to indicate a petroleum- 
product boiling between 70° and 120° C, aud having a density 
between *685 and *690. All the products from Russian petroleum 
are of greater specific gravity than the parallel products from the 
American oil. 
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A rule of tfae New York Prodace EzchaDge defines petroleum 
naphtha as " water-white and sweet, and from 68° to 73° Baum€ " 
( = 0-707 to 0-690 sp. gr.). 

The employment of the terms "benzolin," "benzine," and 
"benzin" to denote the more volatile fractions obtained on dis- 
tilling petroleum or shale oil has caused great confusion betweeu 
the products so called and benzene, C,H,, the leading constituent 
of coal-tar naphtha. This confusion has been increased hy the 
intentional substitution, partial or complete, of one product for the 
other. Methods for distinguishing petroleum spirit from coal-tar 
naphtha and for analysing mixtures of the two are described 
later. 

Pettroleum Sfikit (which would be preferably called "light 
petroleum ") consists of a mixture of homologous hydrocarbons of 
the methane series, with smaller quantities of isomethanes, methanes, 
&c., and traces of cyclic hydrocarbons. The relative proportions 
of the several constituents vary according to the boiling point and 
density of the sample, pentane and hexane being the chief constitu- 
ents of the lighter and more volatile fractions, such as gasolene, 
while heptane is the leading constituent of the denser kinds, such 
as commercial bensolin, in which octane and even higher homo- 
logues are also present Petroleum spirit is a thin, colorless liquid, 
having, when refined, a peculiar but not unpleasant odor. It 
gives off inflammable vapor at ordinary temperatures, and rapidly 
evaporates. It is said to absorb oxygen from the air. It is insolu- 
ble in water, but dissplves in about six parts of rectified spirit. It 
has considerable solvent properties. The lighter forms especially 
dissolve caoutchouc, asphalt, and, with less facility, colophony 
mastic, and dammar resin. The heavier form (ep. gr. 0745) is said 
not to dissolve resins. Petroleum spirit dissolves, in all proportions 
thefixedoilsof almond, olive, rape, linseed, croton, cod-liver, palm, 
cocoanut, theobroma, and lard. It does not dissolve castor oil, but 
the latter liquid dissolves its own volume of petroleum spirit (Vol. 
II., part 1, p. 158). Petroleum spirit also disaolves naphthalene, 
paraffin, wax, and many similar bodies, and is miscible in all pro- 
porUons with pentyl alcohol, ether, chloroform, benzene, oil of tur- 
pentine, creosote, and cresols, hut not with phenol. 

The " benzin " of the United States Pharmacopeia is the portion 
of the purified distillate from American petroleum, having a den- 
sity between 0-670 and 0-676, and boiling between 50' and 60° C. 

VOL. II, PT. II.— 7 
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The "petroleumbenrin" of the Germoa Pharmacopeia is the 
colorless, Don-fluoresoent portions of petroleum, having a specific 
gravity of 0640 to 0670, aod distilling almost entirely between 
55° and 75° C- On adding 2 e. c. of this liquid to a cold mixture 
of 1 c. c of sulphuric acid and 4 c. c. of fuming nitric acid and 
shaking, no appreciable color and no odor of bitter almonds should 
be produced. 

The British Pharmacopeia (1896) defines " petroleum spirit" to 
be a derivative of petroleum, boiling between 60° and 60° C, and 
with a specific gravity l>etweeu 0670 to 0'700. 

Petroleum spirit is Uable to contain impuritJes, which unfit it for 
certain uses. If of good quality, it will leave no odor when evap- 
orated on the hand, and when evaporated in a porcelain basin 
heated over boiling water, will leave no oily residue of heavy hydro- 
carbont. Boiled for a few minat«e with alcohol and a few drops of 
ammonia, a brown coloration produced on subsequently adding 
silver nitrat« solution indicates aulpkur eompounde, which render 
the sample unfit for use as a turpentine substitute, as it will be 
liable to discolor white paints. When petroleum spirit is agitated 
with warm water, the water after separation should be perfectiy 
neutral in reaction, and should give no cloud with barium chloride 
(absence of tutphurie aeid and aulphonatet). 

Water cannot exist in notable quantity in petroleum spirit with- 
out rendering the liquid milky. If present to an extent sufficient 
to be thus visible, the liquid is rendered unfit for burning in sponge 
lamps,' &e. The water may be removed by prolonged subsidence, 

' ThB InfluoDiic of imkll uno 
Imiid is indioted by ths falloo 

Tor wfoly lunpa. Sample A bamt well, Kod wu ot tttittuHotj qoklllj. 
verj iDiall S&me, vhicb went oat onlirsl; Id ftbout half bd hour. 



AppniTmce, Cl«r. ViirtaUkf. 

flpeelflogmltj^tir^C. o'rojS o»is 

M(ti1Ut«b«low «o ° „ yaperowit 4'iper«Dl. 



T^nf*, W7 „ « J .. 

„ (paelfla tnrUr 'I'TV a'7171 

Ob furtbgr distillipg tha Uilinga to ISO", A left ■ nctdn* (qml to t-4 per orat. ct 
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or more rapidly and perfectly by agitating the sample with a little 
dry plsater of Paris, 
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tb*nmp1t,of O'TSl ipooiBo gravity; B left S'2 per cent, ot 0-798 ip«illa gnvitj. On 
bsatiUK thcH raldaea to 100° for ■om* time, tb*t from A entiralj volatiliwd, whila B 
loft a vbold Hqnid neembliDg Inbrioating oil. Od treating tha plaga of ootton-wim) 
whlah fomiad the sxtremil; of the wioki with water, the aohitioD from B g>Te a itrj 
dintinot pncipitatii with barium chloride, and a littte water agitated with tha original 
oil acquired a dletinct acid reaction. 
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Shale Naphtha, vhich is the lighter and more volatile portion 
of the oil obtained by the distillation of bituminous abale, is a 
product very similar to petroleum spirit in moat of its properties 
and uses. The author has found, however, that the shale naphtha 
presents certain difierences, which are due to a much larger propor- 
tion of etbenee than exist in petroleum naphtha. The table on p. 9S 
exhibits concisely these difierences, and compares the characters of 
a sample of coal-tar naphtha with specimens of similar products 
from shale and American petroleum. Variation in minor details 
will be met with in difierent samples from similar sources. 

Mineral Burning Oil. Kerosene. Coal oil. 

Under these names, and others more fanciful and less appropriate, 
are classed the fractions of petroleum and shale oil which are 
suited for burning with a wick. The petroleum product is oflen 
broadly described aa " refined petroleum," and that from shale oil 
as " paraffin oil," but the tatter name is often popularly applied to 
the similar oil from petroleum. The name " kerosene " is a con- 
traction of kerotelain, or " wax oil," and was originally a trade- 
mark adopted for a certain patented fraction of coal oil. The term 
baa now been adopted as the most convenient to apply to mineral 
burning oils generally. 

Kerosene is a colorless or yellowish oily liquid, often possessing 
a well-marked blue fiuorescence. It has a characteristic taste and 
smell which it imparts to water, though practically insoluble in that 
liquid. It is only moderately soluble in alcohol, but is miscible in 
all proportions with ether, chloroform, benzene, petroleum spirit, 
volatile oil, and fixed oila, with the exception of castor oil. It 
dissolves phosphorus, aulphur, iodine, camphor, many resins, waxes, 
fats, and softens india-rubber to a glairy varnish. 

The commercial varieties of mineral burning oil are very numer- 
ous, and hence the physical characters are not very constant. 

The apecific gravity of ordinary American kerosene ia about 
0-790 to O'SOO, the parallel product from shale oil being O'SOO, and 
from Bussian (Baku) petroleum 0822. Burning oils of higher 
densities are also largely manufactured, and are well adapted for 
special purposes. 

The followiDg are the chkracters and special applications of certain other 
Tarietiea of mineral burning oils : 

CbtcaniuOil.— Specific giaTityabont 0-838 1 fire-test 250° F. Qaiteodor- 
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lwa,pale Amber; epecuUlylntondedforbnraitigia " moderator " and "carcel 

Otuelint Oil.— SpeciSc gravitj 0805 ; fire-test 144° F. Limpid, with 
scarcelj a tntc« of color, and very light odor. 

Mineral Sperm Oi7.— Specific gravi^ 0.829 to 0-847. Abel fiash-point 
240= F, ; flre-test abont 300° F. Specially adapted for lighthouse and loco- 
motive lights. Its use is oompnlsory on some of the American rnilroada, 
and it Ifi also exteaaivel; employed on hoard Bhip. " Mineral colzaoil " and 
" mineral seal oil " are similar prodocts. 

Belmaaline Oil. — Obtained by diEtillation of Rangoon tar or Bnrmeae 
petroleum with superheated steam. Specific gravity 0847 ; fii«-teat 134° F. 
Tbongb heavy, the oil has bnl little viscosity, and will rise through a long 
wick. The flame is very white, and of high illnminating power. 

PgronaplUha is a product fh>m Buaaian petroleum somewhat similar to 
mineiBl sperm oiL It baa a density of 0'S58 to 0860, a fire-test of 365° F., 
and a fiaah point by the A b e 1 test of 305° to 250° F. (See also p. 110.) 

Solar irU is a name commonly applied in Rnssia to an intermediate oil of 
abont 0'860 specific gravity, and flashing at about 220° F. by the A b e l-test 

Varions fancilul names have been given to petroleum and shale products 
employed for illuminating purposes. It is oden pretended that some process 
has been used to remove dangerously inflammable constituents. All soch 
products come under the legal definition of " petroleum " (see p. 104), and 
the "flashing point " is a satisfactory teat of their nature. 

The photogene oil from shale reeemblea refined petroleum in all 
efl§ential pbyeical respects; but, when examined by the bromine 
process (p. 24), the afaale product ia found to contain a smaller 
percentage »f methanes and more ethenes than is the case with 
petroleum. Some samples of shale photogene contain only S or 6 
per cent, of methanefl. The author has frequently found that irbeu 
three measures of petroleum kerosene were shaken with one of 
fused crystals of absolute phenol, the latter gradually assumed a 
dark violet, and ultimately a black, color, but the reaction is not 
invariably produced ; and no such reaction was observed to occur 
with burning oil from shale. The mixture of petroleum kerosene 
and phenol becomes turbid at 42° to 49° C, but the shale oil mix- 
ture remains clear till the temperature has fallen to about 25° C. 

AsBAT OF Mineral Burning Oil or Kerosene. 

Good kerosene should be water-white or light yellow, with or 
without blue fluorescence. A dedded yellow often indicates im- 
perfect purificaUon, or the presence of heavy oils. If kept in clear 
glass bottles, exposed to light, it often acquires a yellow color, 
becomes ozonised, and bleaches the cork. Kerosene bo changed 
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will not bum well. The odor should be falDt sod not diiftgree- 
able. When agitated with an equal vulume of aulphuric acid of 
1*53 specific gravity, the color ought to become lighter rather than 
darker. The specific gravity is rarely leaa than 0795, except in 
certain water-white oils, or ordinarily above 0"810 in the ease of 
American, or 0'823 in the case of Russian oil, but kerosene from 
different sources, and intended for different special purposes (see 
preceding page), varies considerably in this respect, and hence the 
indication afforded by the density must not be interpreted too 
strictly. The absence of an objectionable proportion of very vola- 
tile constituents or " naphtha," as indicated by the flashing point, 
and the absence of a large proportion of " tailings " or heavy oil, 
as indicated by fractional distillation, are the most important char- 
acters in judging of the quality of a sample of kerosene. The 
roles of the Kew York Produce Exchange provide that refined 
petroleum or kerosene for contract purposes shall be standard white 
or better, with a burning test of 110° F. (equivalent to 70° Abel- 
test) or upwards, and specific gravity not below 44° Baum4 
(0-804). 

Tbe committee appointed by the Baku Section of the Russian 
Technical Society to examine the new petroleum teating regulations 
formulated by the Government, have reported that sulphuric acid 
of the prescribed density (1'53) is unsuitable for testing petroleum, 
the color of the acid extract being irregular, and not sufficiently 
decisive in gradation. On the other hand, sulphuric acid of 1'73 
ap.gr. being found to give concordant results with all grades of 
petroleum and at all temperatures between 16° and 32° C, it u rec- 
ommended that this strength of acid should be used in the propor- 
tion of 40 parts by volume to 100 of oil, the mixture being shaken 
up in a stoppered glass vessel for two minutes, and the acid layer 
removed and compared with normal solutious of Bismarck brown. 
The standard solutions are ten in number, and are graduated so 
that the highest (No. 1) contains 00005 per cent, of coloring mat- 
ter, and the darkest (So. 10) 0005 per cent, the intermediate 
shades differing from one another by 00005 per cent. The degree 
to which the'oil has been refined is expressed by the number of the 
BoluUon corresponding to tbe color of the acid extract, aud the 
maximum effect in the caae of ordinary petroleum distillate is found 
to be produced by the use of 0'75 per cent, of sulphuric acid (sp. 
gr, 1-843). Since few commercial petroleums examined fell below 
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tbe limits 1 to 8, the latter shade is recommeDded as the outside 
limit for merchantable petroleum.' 

Ftathmg Point of Kerosene OiL — Cold kerosene oil of good 
qnality will not take fire when a light is applied, nor will the 
aupematant vapor inflame. The temperatare at which a sample 
of petroleum oil commences to give ofi' sensible quantitiee of in- 
flammable vapor is technically called its " flashing point." Clearly 
the lower the temperature at which an oil "flashes," the more 
dangerous it must be in transportation, storage, and use. The 
" flash-point," or temperature of ignition of the vapor, is greatly 
reduced by a small admixture of oaphtha. Dr. B. W. White 
foood that when a kerosene oil having a flashing point of 113° F. 
(= 45* C.) by the open test was mixed with 1 per cent, of naph- 
tha, it flashed at 103° F., with 2 per cent, at 92°, with fi at 8S°, 
with 10 at 59°, and with 20 at 40° F. On addition of 20 per cent, 
of naphUia, the oil itself burned at a temperature of 60° F. The 
"burning point," "fire-test" — i.e., temperature at which the oil 
permanently inflames — is sometimes taken as a test of quality, but 
is not reliable, since oils, when spilled, will ignite instantly on ap- 
proach of a flame, when heated only a degree or two above their 
flashing point, even although the burning point is oonsidernbly 
higher. Ad oil flashing at 73° F. by the Abel close test, or at 
100° F. by the old open test, will generally show about 120° P. by 
the American " fire-test," or determination of the temperature of 
permanent ignition. Experiment shows that an oil flashing at 86° 
by the open test, and burning at 107° F., can be made to flash at 
37'7° C. by removing 6 or 7 per cent, distillation, though such 
treatment does not improve the oil in other respects. 

Boverton Redwood (^Petroleum andila PTodueU,'Wa\. II., p. 
610) gives a series of experiments to determine the proportion of 
air and vapors of light petroleums required to produce dangerous 
explosions. The apparatus consisted of a glass cylinder or churn, 
capable of being rotated at right angles to its longitudinal axis, an 
arrangement for displacing a known volume of the gaseous con- 
tents of the cborn by admission of the required volume of the 
liquid under examination, and an explosion chamber. In perform- 
ing the test, a quantity of the liquid was poured into the chum, 
which was rotated for a time. After relieving the pressure by per- 
mitting a portioD of the gaseous contents of the churn to pass into 
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the dbplaciag arrangement, a knowD volume of the misture, called 
air-gas, was driven into the explosion chamber; the coDtente of thia 
were mixed and a flame applied to a vent. 

Petroleum spirit, sp. gr. 0639, produced a violently explosive 
mixture when 4 per cent, of air-gas was introduced into the 
ezpiosion chamber. With a spirit of 0'680 sp. gr., the explosion 
was violent when the percentage of air-gas reached 75. With 
a spirit of 0700 ap, gr,, a violent explosion was produced by a 
mixture containing 6 per cent, of the air-gas. With the vapor 
obtwoed from crude American petroleum, over 20 per cent, of the 
air-gas was required for violent explosion. 

According to the Petroleum Act of 1871, "the term ' petroleum' 
includes any rock oil, Rangoon oil, Burmab oil, oil made from 
petroleum, coal, schist, shale, peat, or other bituminous substance, 
and any products of petroleum or any of the above-mentioned oils ; 
and the term ' petroleum to which this Act applies ' means such of 
the petroleum so defined as, when tested in manner set forth in 
Schedule I. to this Act, gives ofl' an inflammable vapor at a tem- 
perature of less than one hundred degrees of Fahrenheit's ther- 
mometer." Petroleum, within the meaning of the Act, is only 
allowed to be kept and sold under certain restrictions, which vary 
to a certain extent according to a discretionary power exercised by 
the local authorities, any breach of the provisions of the Act being 
punishable by heavy flues. 

The Act prescribed a test, known as the open test, by which the 
flash-point was to be determined. The close test was made com- 
pulsory and the open test was abolished by the Act of 1879, but 
the restrictive legblation prescribed by the Act of 1871 with re- 
gard to petroleum with a flash-point under 100° was applied to 
petroleum with a flash-point under 73° F. All petroleum with a 
flash-point above 73° F, was thus, contrary to the 1871 Act, freed 
from legislative restrictions. The purpose of a bill now (1899) 
pending in Parliament is to substitute the accurate or close test 
for the inaccurate or open test in the Act of 1871, and to restore 
the 100° flash point prescribed by that Act. 

The open teat for determining the flashing and firing point was 
originally performed by heating the oil in a hemispherical porce- 
lain filled to within about half an inch of the brim, the bulb of a 
thermometer being immersed in the liquid. A lighted taper was 
passed at intervals across the oil on a level with the brim of the 
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dish aod the degree noted at which a flash waa produced. The fire- 
test was determined in a similar manner. The method was quite io- 
aooQrate,aDd not materially improved by the use of Tagliabue's 
open tester, which has been adopted as the legal instrument in 
many localities. This consists of a small, rather deep glass cup rest- 
ing in a water-bath, supported by a metal case and heated by a 
lamp below ; a thermometer is immersed in the oil which nearly fills 
the cup, and the testing is performed as with the older method. The 
quantity of oil is too small and 
the open vessel causes lose of r— i 

vapor. To obviate this, various , ,, | ff[ juS^j^ 

closed testers have been con- \fi^f*t ftlfnlfo • 
Btructed and stirrerB have been Jl.' 

added so as to secure the rapid ^ 
mingling of the oil and conse- 
quent thorough heating. One 
of the most elaborate of these 
forma is the Pensky-Mar- 
tens' tester. The forms about 
to be described in some detail 
are regarded as satisfactory by 
many experts and have been 
extensively employed. 

Abel't closed oil tester: 
The apparatus devised by S i r 
Frederick Abel is shown 
in figure 2, and the follow- 
ing description, abridged from 
Schedule I. of the Petroleum 
AmeudmcDt Act, 1879, sufficiently indicates the method of using it. 

The test apparatus is to be placed for use in a position where it 
is not exposed to currents of air or draughts. 

The heating apparatus is filled by pouring water into the funnel 
until it begins to fiuw out at the ipout of the vessel. The tempera- 
ture of the water at the commencement of the test is to be 130° F. 
(neither more nor less). 

The test-lamp is prepared for use by fitting it with a piece of flat- 
plaited candle-wick, and filling it with colza or rape oil Up to the 
lower edge of the opening of the spout or wick tube. The lamp is 
trimmed so that when lighted it gives a fiame of about 0*15 of an 
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inch diameter ; and this aiie of flame, which is repreeeDted by the 
projecting white bead fp) on the cover of the oil-cup, is readily 
naaiDtained by simple manipulation from time to time with a small 
wire trimmer. When gas is available, it may be advantageously 
need instead of the little oil lamp, and for this purpose a test-flame 
arrangement for use with gas may be substituted for the lamp. 

The water-bath (b) having been raised to the proper temperature 
(130° F.), the oil to be tested b introduced iuto the petroleum cup 
(a) (2 iDchee high by 2^^ in internal diameter, and made of gun 
metal or brass tinned inside). The oil must be poured in slowly 
until the level of the liquid just reaches the point of the gauge (c), 
which is fixed at exactly 1 i inches from the bottom of the cup. (In 
pouring in theoil lobe tesled, great care should betaken not to splash 
it against the sides of the cup. In worm weather the temperature 
of the room in which the samples to he tested have been kept 
should be observed in the first instance, and if it exceed 6d°, the 
samples to be tested should be cooled down to about 60° F.) The 
lid (d) of the cup, with tiie slide closed, is then put on, and the cap 
is placed in the bath or heating vessel. The thermometer (e) in 
the lid of the cup has been adjusted so as to have its bulb just 
immersed in the liquid, and its position, which is adjusted to 14 
inches below the centre of the lid, is not under any circumstances 
to be altered. When the cup has been placed in the proper poai- 
Uon, the scale of the thermometer faces the operator. 

The test-lamp is then placed in position upon the lid of the cup, 
the lead-line or pendulum, which has been fixed in a convenient 
poeitiou in front of the operator, is set in motiou, and the rise of the 
thermometer in the petroleum cup is watched. When the tempera- 
ture has reached about 66° F., the operation of testing is to be 
commenced, the te«t-flame being applied once for every rise of one 
degree F., in the following manner: The slide is slowly drawn 
opeu while a pendulum 24 inches in length performs three oscilla- 
tions, and is closed during the fourth oscillation. (It is obvious that 
a metronome would be more convenient. Some method of marking 
time is necessary.) In moving the slide so as to uncover the holes, 
the oscillating lamp (o) is caught by a pin fixed in the slide and 
tilted 10 as to bring the end of the spout just below the surface of 
the lid. Upon the elide being pushed back so as to cover the holes, 
the lamp returns to its origioal position. The temperature at 
which the vapor of the oil gives a blue flash in applying the teet- 
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flame is noted as the flashing point of the sample. To determine 
the flashing point of burning oils of very low volatilily, the air- 
chamber which surrounds the lamp ia filled with cold water to a 
depth of 1 ^ inches, and the heating vessel or water-bath is filled as 
usual, but with cold water instead of water at 130° F. ; the heatiDg 
lamp under the apparatus, and kept there during the entire opera- 
tion. If a very heavy oil is being tested, the operatiou may be 
begun with the water heated to 120° F. 

The results of this method are satisfactory. The flashing of the 
vapor occurs at a temperature much loner than was the case with 
the old apparatus for the open test. 

The flashing point of a sample of kerosene, as determined by 
Abel's apparatus, has been found to be sensibly lower in India and 
the tropics than when the same oil is tested in temperate climates. 
A sample which, under ordinary circumstances, flashed at 73° F., 
had a flash-point of 66'* when examined in a tropical region. The 
diflerence is due to the fact that at a high atmospheric temperature 
the more volatile hydrocarbons are teas readily held in solution in 
the oil, and the least agitation, such as is involved in pouring the 
oil into the cup, determines their vaporisaUon. To obtain concord- 
ant results in hot countries Abel and Redwood recommend that 
the operator should commence to apply the test-flame at a much 
lower temperature (66° F.) than that prescribed in the Act, which 
is when the oil in the cup has acquired a temperature of 66° F. 
This modification causes the removal of the superincumbent vapors 
in quantities too small to flash, by currents of air set up by each 
application of the gas flame. Even with this modification of the 
test, a eample which flashes at 73° in England wilt flash at about 
70° F. in India. It is evident that the causes which lead to errors in 
India will have a tendency to afl'ect the test in temperate countries, 
and to render the flash-point of the same oil lower in summer than 
in winter, but this tendency can be counteracted bj bringing the 
sample to be tested to 56° F. before commencing the operation. 
Changes in barometric pressure also affect the flash-point of kero- 
sene, a fall of one inch of the mercury in the barometer lowering 
the flash-point of an oil by about 1° C. 

8. Gray (X 8. C. I., 1S91, 348) has described a stirrer attach- 
ment to the Abe 1 cup, by which it is claimed that the results are 
more correct, are independent of its manner and rate of heating. 
The apparatus consists of two sets of vanes — one in the oil and the 
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other in the vapor-apace — with beveled gearing, or arraDged that it 
may be easily put ia or out of gear and the lighdng altachment 
brought into action. There are three orifices — one central for Uie 
teflt-Iight, the others for admission of air. The change from stirring 
to testing, and mce versd, can be made promptly. The Pensky 
modification ia also the introduction of a stirrer. Martens has 
stitl further improved the apparatus. 

New York Slata Closed OUtester. — As a result of investigation a, 
Elliott devised a form of tester which haa been highly approved. 
It consists of a copper cup holding about 300 c.c immersed !o 
water, which can be heated by a small flame. The cup ia covered 
by a convex clock-glass, which is perforated in the centre to permit 
tfae passage of a thermometer, and has a notch at the edge for 
insertion of the testing flame. The official directions are: Fill the 
water-hath with cold water up to the mark, place the oil-cup in it, 
and pour in enough oil to fill the cup up to the flange that joins the 
cup with the vapor-chamber above. The oil must not flow over the 
flange. Air-bubbles may be removed by means of dry paper 
The glass cover ia then put on, and the thermometer placed so that 
its bulh is just covered hy the oil. A swell flame must be used for 
beating, so that the rise in temperature should be about two degrees 
per minute, never over three degreea. For the igniting flame a 
gas-jet one-quarter of an inch in length is employed. When gas is 
not at hand, a piece of waxed linen twine may be used. The flame 
should be small. Testing should begin when the oil reaches the 
temperature of 29'3*' C. (85° F.). The torch is inserted through 
the testing notch at such an angle as to well avoid contact with the 
glass, and to a distance about midway between the surface of the 
oil and the under surface of the cover. Its movemeat must be 
steady, uniform, swift, aud without pause, and should be repeated 
at every 1° C. or 2° F. ; increase until the thermometer marks 35° 
C. (95° F.), when the heating flame should he shut off and the 
testing made at each 0-5° C. or 1° F. until 37-6° C. or 100° F. ia 
reached. After this the heating flame may be again started if 
necessary, and the testing continued for each 1" C. or 2' F. as at 
flrat. The appearance of a slight bluish flame indicates that the 
flashing point has been reached. In every case the temperature of 
the oil should be noted before the testing flame is introduced. This 
flame must not touch the oil. The water- bath must be refilled with 
cold water, and the oil-cup well cleaned for each test. This tester 
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ia largely used in ma.nj Iftboratoriea aad designated in many 
official epecificatioDB. Engler's tester, whicli ia used in Germany, 
employs an electric spark from a small induction coil to fire the 
petroleum vapor in a chamber which has two metal ehutters, which 
are lifted by an explosion as soon as the atmosphere through which 
the spark ia passing becomes sufficiently charged with Taper. 

Id Germany the minimum flash-point is fixed at 21° C, and an 
allowance of 1'62'* F. is made for a variation of 1 inch in the baro- 
metric pressure. 

In Russia the legal flash-point for sale or exportation is 28° C. 
For testing up to 85° C, the Abel-Feosky apparatus is pre- 
scribed. When the oil flashes below 60°, the oil-cup is to be inserted 
direct into the water-bath, the temperature of the latter being 
about as high again as the expected flashing point, so that when 
this is beyond 60°, the water must be boiling. For oils flashing 
between 60° and 85° the space between the oil-cup and the water- 
bath must be filled with a heavy mineral oil (specific gravity over 
0'900), and the water maintained at about 15° above the flashing 
point anticipated. A preliminary test having been made, the test- 
flame is first applied and the temperature is 6° below the flashing 
point thereby ascertained. Only when the oil flashes between 27* 
and 2d° is a correction for atmospheric pressure to be made. For 
all heavy burning and lubricating oils and residuum flashing above 
85° C, the Pensky- Martens instrument is necessary. 

In France and Switzerland the limit is fixed at 35° C, and in 
Austria and some of the United States at 375° C. 

Oa fractional dietill(Uion, miueral burning oils should not give a 
high percentage below 150° C, and, on the other hand, should not 
have a large proportion of " tailings" or heavy oil, distilling above 
300° C. By judicious manipulation of a mixture of naphtha and 
heavy oil, kerosene may be sophisticated without altering the spe- 
dfic gravity and without reducing the flash-point so as to excite 
suspicion. Such an oil will not be satisfactory, as the more volatile 
portions will he consumed first, the heavy viscous portions remain- 
ing to clog the wick. 

J. Biel recommends that the fractional distillation of mineral 
burning oils should be conducted on 250 grm. of the sample, in 
a glass flask of 500 c.c. capacity. This is wrapped round tightly 
with thin brass gauze or glass wool, to protect it from too rapid 
cbsngea of temperature, and is connected by a Glinsky'sdephl^ 



3vGooglc 



110 BTDBOCARBOHB. 

m&tor (Vol.1, p. 32) with a Liebig's coudenaer. The thermome- 
ter ia fixed in the dephl^mator so thnt the bulb may be on & level 
with the exit-tube. At the commencement, the flame under the 
flask should not be larger than is requisite to drive over the light 
oils, which are collected as long as any notable quantity (more than 
10 drops per raioute) of oil dietils at 150°. The flame is then 
enlarged, and the " normal petroleum " distilling between 160° and 
270° C. IB next driven over, the receiver beiog changed when no 
appreciable quantity distils when the thermometer is maintained at 
the latter temperature. Biel weighs the distillates, and ascertains 
the amount of the residue or " tailings " by noting the dtfl'erence 
between the weight of the flask and dephlegmator on the comple- 
tion of the distillation and again after cleaning. It is evident that 
the method of measurement commonly employed in practical ex- 
aminations of volatile oil is equally available. 

The ibllowing results obtained by Biel by the foregoing procees 
are intereating as showing the behavior of typical samples of Russian 
oils: 



Specific gravity, . . . . 


0820 0820 0835 


0-857 0-867 




Si-S 35 -0 44-S 


7 5 94-0 









Light oiU (b«low 150°), 


08 lo-o 6-0 




Normal oilB(150" to 270°). 


9ao 765 635 


44-5 30s 


Hravy oilH (Uilinga), . . 


7.2 13s 30s 


55-5 ^S 



Biel has also placed on record the following figures obtained by 
the distillation of certain burning oils in a glass retort with a ther- 
mometer immersed in the oil : 

Imp. lUrgCo. AnuLOii. No. 1. No. 2. 

Original oil ; speciSe gravity, . o-79S 0783 0S03 o-8ai 

,, ,, flash-point; ° C-, . 360 48-0 26'0 30-0 

PerecDUge. 

Light oils (below 150°), . . . 144 2-2 33-5 11-8 

Normal oil (ISC'* to 270°), . . 459 878 66-5 78'3 

Heavy oils (tail ingg) 397 lo-o o-o 8^4 

The " Standard " sample oil was decidedly inferior in quality, and 
had probably been produced by "cracking" the heavy residue from 
which the normal burning oil had been partially removed. It must 
not, however, be assumed that all oils produced by cracking are of 
the same unequal character. 
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Beilstein' Btatee that the rule for RuBsiaa petroleum is that an 
oil to be considered safe should yield less than five (5) per cenL of 
"light oils," and less than fifteen (15) per cent, of " heavy oils." 
With American petroleum, the "heavy oils" should not exceed 
fifteen (15) per cent. (See also description of Begnault's appa- 
ratus, under " Bensene.") 

Ab already stated, Russian kerosene is usually of distinctly higher 
density than that from American petroleum. RuBsiaD petroleum 
gives much the smaller yield of burning oil, but the product is more 
nearly homogeneous, the hydrocarbons composiDg it not differing 
widely in epecific gravity, boiling point, and other characteristics. 
This peculiarity is well shown by the following figures obtained by 
B. Redwood by fractionally distilling samples of kerosene made 
from Baku and American petroleum. A measured quantity of the 
liquid was distilled, and the density of each fraction of 10 per cent, 
was observed : 





Spic Ouv. 


Spec Gu 


Kerosene. 


o-8aj 


0-803 


Fiist fiMtloa, 


0783 


0-748 


Second* „ 


0796 


0759 


Third „ 


0S03 


0-778 


Fonrth „ 


0814 


0-792 


Fifth „ 


oto7 


0-803 


SiiUi „ 


0-831 


o-8ia 


SeTenth „ 


0837 


o-83a 


Eigbtb „ 


0-838 


0-83, 


Ninth „ 


0-846 


0838 


Tenth „ (i«Hidae], 


0-864 


0-849 



In Russian kerosene there is less difi*erence between the specific 
gravity of the lightest and heaviest fractions than in American oil. 

A test of kerosenes by burning them in similar lamps and noting 
the rates of consamption and the comparative intensities of the 
light yielded, is often capable of giving valuable information. 
Much depends on the character of the wick used, all oils burning 
far more satisfactorily and safely with an American wick of long 
staple cotton loosely woven, than with the comparatively hard, 
ti^tly-woven wick often employed in Great Britain. Kerosenes 
containing a large proporUoa of light oils give a better light, but 

> Ziil. Anal. Ohtm., 1SS3, 14. 
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bum faster than others, while the presence of heavy oils retards the 
consumption and seriously diminishes the light yielded. Care must 
be taken not to form too hasty an opinion on the oils tested, as a 
kerosene cont&iniDg excess of both light and heavy oils, or in tech- 
nical phrase consisting largely of " mixed tops and bottoms," may 
give a good light at first, but after some time the flame will greatly 
diminish in size and luminosity, and in extreme cases the wick 
becomes bo clogged and charred as to cause extinction. Kussian 
kerosene does not give so much light as American, but, on the other 
hand, there is considerably leaa diminution as the level of the oil 
&l)s in the reservoir. 

The eohr of kerosene is a character to which attention should be 
paid. Frequently, it is sufficient to compare the color of the sample 
with that of a standard specimen, the two oils l>eing contained in 
bottles of the same size. A preferable plan is one proposed by 
B. Redwood. He places the oils to be compared in two glass 
cylinders, such as are used for measuring water, and holds these 
above a mirror in such a position that the images of the bottoms of 
the cylinders are presented side by side. In this way it is easy to 
make an accurate comparison of the reflected disks, which are, of 
course, tinted in proportion to the color of the liquids. With a 
fluore8<»nt liquid like kerosene. Redwood finds this plan prefer- 
able to looking down on the oils while the cylinders are placed on 
a white surface. A chromometer devised by R. P. Wilson, in 
which the kerosene is compared with disks of colored glass of 
standard tints, has been adopted by the Petroleum Association. 

The glass disks for Wilson's chromometer are issued by the 
Petroleum Association of London (85, Gracechurch Street), and 
the instmmenta are all precisely alike in constructioo, so that the 
testing of the color of petroleum, wherever theae chromometers are 
used, is placed on a uniform basis. In aGennan form of the instru- 
ment devised by Stammer, the column of oil can be adjusted in 
length until its color is identical with that of the standard, by which 
means results ofconsiderablepreciuon are obtainable. Lovibond's 
tintometer is an elaborate instrument adapted for analysis, measur- 
ing, and recording of colors. (For a discussion of its nsea and of a 
proposed improvement by H. R. Proctor, see J.iS. C,/., 1895, 123.) 

The following grades of color are recognised in the trade: Super- 
fine white, standard white, prime white, water white, and good 
merchantable. 
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Id some cases a diminution of light may be due to the presence 
of mineral ingredients — i. e., compounds of calcium or magnesium. 
These may be detected by reduciDg a moderate amount of the oil 
tonah, diasolving the residue in hydrochloric acid, and applying the 
usual precipitation tests. 

Sulphur compounds exercise an injurious effect upon the illumi- 
nating power of kerosene. Specimens coutaiuing large proportions 
of ethenes, as do those obtained by cracking, are apt to contain suj- 
phonates. These may be detected by a method given in connection 
with the examination of lubricating oils. For the detection of or- 
dinary sulphur compounds the oil should be heated to boiling for 
Borne time with a fragment of sodium, in a flask furnished with an 
inverted condenser. After cooling, water is added drop by drop to 
the contents of the flask till the sodium is oxidised. More water is 
then added, the aqueous liquid separated, and the solution tested 
withadropofsodiumnitropruBside, which will produce a fine violet- 
blue coloration if the sample contained sulphur. The quantity of 
sulphur can be ascertained by several analytic methods (see pp. 66 
and 81) or by burning a known weight of the oil in a stand- 
ard gas-testing apparatus and precipitating the acid condensed with 
the water, as barium sulphate. Sulphur Is a highly objectionable 
ingredient, owing to the formation of corrosive and poisonous bodies 
when the oil is burned. 

An annoying turbidity sometimes develops in refined oil. It has 
been ascribed to various causes, such as the size used on the inside 
of the casks, but, according to Yieth {Ding. Poly. Jour., 277,571; 
J. S. C. 1; 1891, 39), the usual cause is the failure to remove all 
the sulphonic acids formed during the treatment of the oil with sul- 
phuric acid in the refining process. The turbidity often appears in 
the dark and disappears when the sample is exposed to light and air. 
The only means of preventing it appears to be by treating the fresh 
distillate with about one per cent, of sodium hydroxide solution of 1'3 
9p. gr., separating the solution, treating the oil with sulphuric acid, 
washing thoroughly, again treating with sodium hydroxide, and re- 
peating the process until the oil is no longer affected by the alkali. 
All the alkali must be washed out before the oil is marketed. 

for distinguishing between the products of Russian and Ameri- 
can petroleum, and for detecting admixtures of crude with refined 
oil, Biche and Halphen ' have devised a test depending on the 

■ J...... Pkarm. et dim., iik (18S4], 2SBi abet. J. S. C. !. 1S96, 190. 
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proportion of a special solvent required to form a clear solution 
with a definite weight of the Bample. The solvent is a mixture of 
equal parts of auh^droua chloroform and 93 per ceut. alcohol. 
The quantity of oil taken is 4 grm. in each case. Reference must 
be made to the original paper for the tahles showing the compara- 
tive results with mixtures of known composition. Redwood 
states that the method is satiafiictory if the strength of the alcohol 
be rigid I J adhered to. 



LUBRICATING OILS.> 

Lubrication has for its object the reduction of ftiction betweoD 
moving surfaces. In the sliding friction of solids the magnitude of 
the reustance is, up to the point of abrasion, dependent on the char- 
acter of the surfaces, and proportional to the force with which they 
are pressed together, though whenthepressureis very low, the resist- 
ance may be principally due to the adbeeion, in the case of lubri- 
cated surfaces. In fiuid friction, on the other hand, the resiatance 
is proportional to the area and velocity of the surface exhibiting it, 
and to the density and viscosity of the liquid. In the practical 
application of lubricants to the rubbing surfaces of machinery in 
motion, the friction is usually compounded of the friction of solids 
and of fluids in proportions varying in each case. In cases, how- 
ever, in which it is practicable to float the moving part in the lubri- 
cant, fluid friction alone is concerned ; while in the case of slowly- 
moving heavy machinery, the resistance is chiefly due to the friction 
of solids. 

In theoretically perfect lubrication the resistance would be inde- 
pendent of the pressure. The morevisGouathe lubricant, the greater 
the pressure which can be eustuned without squeezing out the film 
of lubricant from between the moving surfaces ; but vtmecemmly 
high viscosity creates unnecessary fluid friction, and the viscosity 
of the lubricant should therefore be proportional to the pressure- 
Id other words, the lubricant should have just sufficient "body" 
or viscosity to keep the moving surfaces apart, under the maximum 
pressure. Hence for heavy machinery a highly viscous or even solid 
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lubricant must be employed, and oils are Dot uofrequeutly nholly 
or partially replaced by graphite, steatite, sulphur, or soft metaL 
In some cases the viscosity of the oil is increased by an admixture 
of soap or by addiug alkali.' For delicate movementa, such as 
exist in clocks aod watches and light and fast-running machinery, 
the thinnest oils are suitable. 

A thick oil takes a greater power to drive, and develops a higher 
temperature than an oil of low viacosity; and, as a rule, the lubri- 
cant should be aa thin aa is consistent with the weight of the 
machinery and the temperature to which the oil will be subjected. 
With ample driving power a moderately thick oil may be used for 
heavy machinery, particularly if the temperature be high, but if 
the driving power be inadequate, it may be necessary to use a 
thinner oil. 

Although the foregoing ia the main principle governing the choice 
of lubricants, the degree of viacosity required ia alao dependent on 
the fit of the bearing sur&ces and upon the character of (he motion, 
and theae conditions vary largely in each case. It ia very difficult 
to predict the behavior of a particular oil in practice from ita trial 
in a mechanical testing machine. On this account, as also from 
the more efficient of them necessitating the use of ateam-power, 
the Ingenious machines devised for testing lubricating oils have not 
fiilly justified the anticipations of their inventors. The only 
raUonal plan of applying such teats is to use a series of standard 
spindles for testing spindle oils, standard bearinga for axle-lubri- 
cants, and so on for other oils. This requirement is practically 
prohibitory of the use of mechanical testers in an ordinary labora- 
tory, and it ia fortunate that a close relationship exists between the 
viscosity of an oil and its characters aa a lubricant. In other words, 
if a given oil is satisfactory under known conditions of fit, preaauie, 
speed, and temperature, it may be predicted witb tolerable cer- 
iKd for lobrlwUDg 
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taint; that another oil of the same nature, faariDg a Bimilar 
viscosit;, will yield equally good results. 

The characters nhich should be taken into consideration in fnrm- 
ing an opinion on the suitability of a lubricating oil for a particular 
class of work are: 

1. The vi8coaityor"body"of theoil at the temperature at which 
it is to be used. 

2. Thetemperatureat which theoil thickens or actually solidiGeo. 

3. The flashing point, or temperature at which the oil gives off 
inflammable vapor in notable quantity. 

4. The volatility or loss in weight which the oil suffen on 
exposure in a thin film to an elevated temperature. 

5. The " gumming " character, or tendency of the oil to become 
oxidised. 

6. The proportion in which the fatty and hydrocarbon oils of a 
mixture are present. 

7. The proportion and nature of the free acid, if any, in the oil. 

8. The tendency of the oil to act on metals. 

9. The presence of mineral matters, such as the bases of soaps. 

Viscosimctry. 

As already stated, the viscosity or " body " of an oil is the most 
important criterion of its snJtahility as a lubricant under certain 
conditions, and hence great interest attaches to ils satisfactory 
determination. It has acquired greater importance of late years, 
owing to the rapidly increasing employment of mineral lubricating 
oils as substitutes for the fatty oils formerly used. Thus, different 
specimens of any given fixed oil, such as sperm oil or rape oil, vary 
in viscosity only within comparatively narrow limits at a given 
temperature, and hence an engineer accustomed to use a given fixed 
oil would, in purchasing such oil, derive little advantage from a 
knowledge of the viscosity of a particular sample of such oil. On 
the other hand, mineral lubricating oils may be manufactured of 
auy required viscosity within comparatively wide limits, and hence 
it is very important that au engineer should be able to ascertain 
whether further supplies of this class of lubricant are of a viscosity 
Hmilar to that of hatches of oil previously employed. 

It was formerly assumed that the viscosity of an oil bears a toler- 
ably definite relation to its specific gravity, but the fact that this 
is an error is now generally recognised. 
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Krause observed the following rates of flow at 15° C. for four 
varieties of mineral oil of identical specific gravity (0883) : 

Sbxodj oil (paraffin), . ijo eecooAa. j Americjui, SSoeaconds. 

Oelheim, , ^ 355 „ | Scotch, 585 „ 

Temperature has much influence on the viacositf of oils, and ia 
greatest in those which are aolid or partly SO at ordinary tempera- 
tures. The thicker animal oils coctaiaiiig much stearin are most 
eensitive to an increase of temperature. Many mineral oils, how- 
ever, though fluid at ordinary temperatures, decrease in viscosity so 
rapidly when heated as to have quite diSerent characters at high 
temperatures. This fact must be kept in mind irben an oil is to be 
used in an engine cylinder or under similar conditions. As the 
temperature of a given friction surface is liable to vary considera- 
bly, preference should be given to an oil which shows the least 
variation in viscosity within the limits of temperature to which it ia 
likely to be subjected. 

The following flgurea by J. Veitch-'Wilson show the decrease 
in viscosity by rise of temperature of certain typical iatty lubricat- 
ing oils: 

r,„ NUHBBR OF BECnNDB RBQUISKD. 

O"- Atls-S°U At,^C. A(fc>=C. 

Sperm, 47 3°-$ ZS'7S 

Olive, 92 3775 28-25 

Lard 96 38 285 

Eape, 108 41-25 30 

Neatflfoot, Ill 40-15 29-35 

Tallow (oil), 143 37 25 

Engine tallow Solid 41 26-5 

The following are fignree obtained in the author's laboratory : 

r„, Sp. Qr. Ndhser or Seco^idb KntoiKSD. 

'"'■■ At 15-5" C Atiss°C. AI50OC. AtiooOG 

Sperm, 88r 80 47 38 

Seia (pale) 924 131 56 43 

Northern whale, .... 931 1S6 65 46 

Uenhnden, 932 172 40 

Sesame, 921 16S 64 50 

Aracbis 922 180 64 

Cottonseed (refined), . . 925 iSo 62 40 

Nigeiaeed, 9*7 176 S9 43 

Olive, 9'6 187 62 43 

Bape 9"S 261 80 45 

Ctafltor, 965 2420 330 60 
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Boverton Kedwood (J. S. C. I., 1886, 128} haa determined 
by his staodard Tiecosimeter (p. 120) the comparative rates of flow 
of a number of oils for every rise of 10° F. The following figures 
are the number of seconds required for 50 c.c. of each oil to flow 
through an orifice out of which an equal measure of water at €0° F. 
ran in 25*6 seconds : 
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On examining the results recorded in the foregoing table, it will 
he observed that sperm oil is remarkable for the comparatively 
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slight reduction in its viscoBity caused by increase of temperature, 
a property to which the value of this Oil as a lubricant for use under 
very varied conditions is probably due. The Russian mineral oils 
lose their viscosity with an increase of temperature more rapidly 
than American oils of the same specific gravity, but in both classes 
the reduction is most rspid in the case of the moat viscous oils, and, 
as the Russian oils have a higher viscosity than the American, a 
more rapid redaction in the former case might be anticipated. 

The elementary form of apparatus for determining viscosities 
consista of a pipette drawn out to a narrow orifice at the lower 
end. The tube is supported !□ a vertical position and filled with 
the oil to a certain mark, the orifice being closed by the finger. 
The oil is then allowed to Sow out till a lower mark is reached, or 
till a definite measure has been received in a graduated vesee), the 
number of seconds required being noted. 

The viscosity of oils being affected to an important extent by 
very slight variations of temperature, it is very desirable to sur- 
round the viscosity- tube with an outer tube or cylinder containing 
water at the desired temperature;- for high temperatures a less 
volatile liquid than water might be substituted. 

It is desirable in all cases to compare a sample of oil with others 
of known quality and origin, as the viscosity-fignres obuined by 
the use of one apparatus of the above kind are not directly com- 
parable with, or even capable of strict conversion into, those 
yielded by others. 

The viscosities are often stated aa the number of seconds required 
to run through a certain orifice at a given temperature, and to 
render such figures comparative, they have usually been referred to 
rape oil aa a standard. Aa, however, difierent samples of rape oil 
differ sensibly in viscosity, the results obtained by different observers 
have, fur this aud other reasons, not been capable of accurate corn- 
pa riaon. 

If, however, a defined and constant apparatus be employed, it 
becomes a simple matter to refer different samples to a standard. 
Water possesses too little viscosity to make it a desirable liquid 
with which to compare lubricating oils. Glycerol can be diluted 
with water to any required viscosity, and the specific gravity of the 
standard liquid being once ascertained, a fresh standard can always 
be prepared at will. It is evident, however, that if the viscosity of 
rape oil be determined by the careful testing of a number gf speci- 
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mena, the average can be regarded as the viecoeity of a Btuidard 
rape oil, and if a constant apparatus be employed, the results can 
always be expressed in terms of such standard. Redwood has 
determined the viscosity of a considerable number of samples of 
genuiDerape oil, and findsthat the average time required for 60 c.c. 
of the oil at 15'5° C. to flow out of a Redwood's viscosi meter is 
S36 seconds, water under similar circumstances running out In 25*5 
seconds. Taking, therefore, the viscosity of standard rape oil at 100, 
the viscosity of any other oil of the same density will be found by 
multiplying by 100 the time in secottds required for 50 c.c to flow 
through the orifice, and dividing the product by 535. If the 
density of the sample be difiereut from that of rape oil, the figure 
thus obtained should be multiplied by the specific gravity of the 
sample at the temperature of the experiment, and divided by 915 
(the specific gravity of refined rape oil at 166° C). The rule is 
expressed by the following equation : 



Secoocln of flow X ' oo X ep. pr. of aample 



= Viacoeitr. ' 



Redwood' t VtMotimeta: — Bo vert on Redwood devised an in- 
strument (Fig. 3) which is capable of being standardized, and has 
been much used. The viscosity tube (a) is made of copper thickly 
electroplated, and is 3} inches high by li inches internal diameter. 
In practice it is filled until the surface of the liquid just touches 
the point of a bent wire soldered to the side of the tube. The 
orifice is a hole of a definite size drilled ia agate (c), but glass 
might doubtlesa be substituted without aflecUng the accuracy of 
the indications. The friction of the flowing oil ag^nst the sides of 
a long tubular orifice notably affects the iudications of the instru- 
ment, and hence the tubular portion of the orifice is made as short 
aa practicable. The upper surface of the agate is cup- shaped, so 
as to fit the bulb of the thermometer (d), which may be used as a 
plug, but the instrument is also supplied with a spherical plug of 
electroplated copper attached to a wire. The viscosity tube is 
surrounded by a cylindrical reservoir of copper (b), which can be 
filled with water or other fluid and readily brought to and main- 
tained at any desired temperature. For temperatures below 100° 
0., water is most convenient; above that temperature, paraffin or 

' For Poiaeuille't formulBfor otlaalkting tbe abiolult vitcotily of liquidt, ■«« 
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mineral lubricating oil of high boiling point may be used. The 
fluid in tbe reservoir ma; be heated by a gaa-flame placed under 




the projecting portion (f), and can be agitated by gently moving 
the inclined paddles by means of the handle (h). When the tem- 
perature employed is considerably above that of the laboratory. 
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the agitator should be kept in geotle motion throughout the experi- 
ment. Care must also be takeu that the temperature of the oil in 
the inner cylinder ia inaintaiued constant, as a diflerence of 1*^ or 
less vill make an appreciable difference in the rate of flow of 



In using Redwood's viscosi meter, the liquid in the i 
ahould first be brought to the required temperature, and the oil to 
be tested, previously brought to ^e same temperature, should then 
be poured into the inner cylinder until the level of the liquid just 
reaches the point of the gauge (b). A narrow-necked flask, holding 
60 cc. to a point marked on the neck, 
ia placed beneath the jet in a vessel 
containing a liquid of the same tem- 
perature as the oil. The ball-valve is 
raised, and the number of seconds 
required for 60 c.c. of the oil to flow 
out is noted in the usual way. At 
least two experiments should be made, 
and the results should agree closely. 
Samples should be filtered if not 
quite clear, as suspended matter or 
globules of water may obstruct the 
orifice. Soft paper should be used 
for wiping out the oil-cylinder. In 
employing this or aimilai* forms of 
viscosimeter, it ia essential that the 
oil should be at the same height in 
each experiment, and that the same 
Fio. 4. measure should flow out, otherwise 

discordant results will be obtained. 
The author has made an addition to the Red wood 's viscosimeter by 
which a constant head of oil is maintained. The oil-cylinder is pro- 
vided with an air-tight cover, as shown in figure 4. The cover is 
perforated by two holes fitted with short tubes, one of which (a) is 
furnished with a tap (b), while the other has another tube screwing 
air-tight into it. This tube (c) is prolonged on two sides in contact 
with the agate-orifice, while the angles of the inverted V-shaped 
slits cut on each side terminate at D, exactly 1 i inches higher. The 
cylinder is filled with oil before commencing an experiment, the 
tap (b) closed, and the orifice opened till the oil sinks to the level of 
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D ia the ioDer tube. Air tbeu bubbles regularly in at D, and when 
thu ia noted, th« oil is collected in a graduated cylinder. Any 
volome from 10 tn 50 c.c. may be allowed to run out, aa the oil 
gradually falls in tbe upper part of tbe cylinder, but is maintained 
constautly at tbe level D. Experiments made in tbe author's lab- 
oratory prove the flow to be extremely regular ; and tbe modifica- 
tion has the additional advantage of allowing the viscosity to be 
determined from the flowof a very moderate measure of oil, whereas 
if 50 c.c. be tbe volume collected, the observation sometimes becomes 
tedious. The results obtained by comparative testing by tbe closed 
and open apparatus agree. 

Engler't vUeotimetar consists of an accurately made brass 
oil-vessel 106 mm. internal diameter, 80 mm. deep at the side, 
and 48 mm. at the center, the bottom being a flat cone. A slightly 
conical lid, fitting snugly like a saucepan-Hd, closes the vessel. 
Tbe inner surface of tbe oii-veesel isgilded- In the center of the 
bottom is a platinum outflow-tube 20 mm. long, with a slightly 
conical caliber 29 mm. at the top, 2'8 mm. at the lower end. This 
tube can be closed by a pointed rod of hard wood. The level to 
which to fill the oil (240 c.c. are used) is indicated by three small 
pointed projections on the side of tbe oil-vessel. A thermometer 
passing through a hole in the lid dips into the oil. The oil-vessel 
is surrounded by an oil-bath 130 mm. in diameter, 68 mm. high at 
tbe sides, and 68 mm. at tbe center, at which latter point the lower 
end of the outflow-pipe passes through by a tight joint. Tbe top of 
this bath is on a level with tbe top of the oil-veasel. The bath is 
not covered ; a thermometer dips into the oil. Tbe whole apparatus 
is securely supported and heated by a ring burner. A flask marked 
at 200 c.c. and 240 c.c is placed precisely below tbe outflow-tube. 
To secure uniformity and obtain comparable data standardized 
instruments must be employed, for the construction of which 
Engler has arranged with Desaga, of Heidelberg. Full 
directions for use are furnished with each apparatus. This 
viscosimeter is much used in Germany, especially in the rail- 
way service. 

Allen's VUeonmeter. — Figure 5 shows a form of instrument that 
the author has used for a number of years with satisfactory results. 
A 26 c.c pipette is cut ofi* at the lower extremity and the orifice 
carefully contracted, by heating, to a diameter of 003 inch. By 
this means a tapering extremity is avoided. The pipett« is filled 
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tiDoi below by suction to a definite point marked on the upper 
stem, and the oil allowed to flow out until the level reaches another 
marked on the lower stem. The time required for the flow between 
these is noted. The level of the oil in the upper 8t«m may be 
adjusted and the flow started aa required by the clip on the rubljer 
tube attached to the upper part of the pipett«. The apparatus ie 



seen to be arranged so that the oil may be heated to any tempera- 
ture. A coil of block-tin pipe is heated by the burner, and the 
contained liquid circulates constantly through the outer cylinder. 
The glass stirrer with ring-shaped terminal can be used to eflect 
thorough admixture. A short glass tube is attached to the nose of 
the pipette by a caoutchouc stopper. This permits the nose to be 
kept within the limits of the cylinder, and hence at the same tem- 
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perature aa that of the body of the oil. The following data hare 
been obtained, the time being given in seconds : 

"C Rkfikbd IUpkOil. OlivbOil. 



Torttion Vitootimeler.' — Thie instrument, shown in figure 6, de- 
pends on the principle of the torsion balance. It was devised by 
0. S. Doolittle for use in the 
laboratory of the Philadelphia and 
Reading Railroad Company. It 
has been found very aatisfactory, 
and has been much used in Ameri- 
can laboratories. 

A steel wire is suspended from a 
firm support and fastened to a stem 
which pasBea through a graduated 
horizontal disk, thus allowing the 
torsion to be exactly measured. 
The disk is adjusted so that the 
index points to zero, showing that 
there is no torsion in the wire. A 
cylinder, 2 inches long by 1 J inches 
in diameter, having a slender stem 
by which to suspend it, is then im- 
mersed in the oil and fastened by 
a thumb-screw. The oil is sur- 
rounded hy a bath of water or 
paraffin, according to the tempera- 
ture at which the observation is to 
be made. This temperature being 
observed while the disk is resting 
on its supports, the wire is twisted 
360° by means of the knob at the Fro. e. 

top. The disk being released, the 

cylinder rotates in the oil by reason of the torsion of the wire. 
The action la analt^ue to that of the pendulum. If there were 

1 J. A. C. S., 1SS3, 173, 4M. Tba cat wm louied b; Bullock A Creashkw, of 
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DO resiBtance to be overcome, the disk would revolve to zero, and 
the momeDtum thus acquired would carry it again to 360°. In 
reality, the resistance of the oil to rotation causes the revolution to 
fall short of 360° in proportion to the viscouty of the liquid. The 
retardation thus produced is a delicate measure of the viscosity. 

There are a number of ways in which this retardation may be 
read, but the simplest is the number of degrees retardatiou between 
the first and second complete arcs covered by the rotating pendu- 
lum. For example, suppose the wire be twisted 360° and the disk 
released so that rotation begins. In order to obtain an absoIut« 
reading which fihall be independent of any slight error in adjust- 
ment, the start from 360° is ignored, and the first reading taken at 
the end of the first swing. The next reading, which is on the other 
aide of the point, is also ignored, as it belongs in common to both 
arcs. The third reading is taken, which will be at the end of the 
second complete arc and on the same side of the point as the 
first reading. The difierence between these two readings will be 
the number of degrees retardation caused by the viscosity of the oil. 
Suppose the readings are as follows : 

Fitst reading, . . . . dglit bsnd 35S'^° 

Second „ .... left hand — ignore 

Third right hand 33S'3° 

17-4° retardation. 

In order to secure freedom ftom error, we make two tests — one by 
rotating the milled head to the right and the other to the left. If 
the instrument is in exact adjustment, these two results will he the 
same \ but if it is slightly out, the mean of the two readings will 
be the correct reading. 

In order to overcome the variations in different instrumenta, each 
one is standardized against pure cane-sugar solutions, aud the 
viscosity is expressed in the number of grams of pure cane sugar 
contained in 100 c.c. of the syrup at 60° F., which will give the 
retardation designated at 80° F. These readings are obtained by 
making a number of solutions containing known amounts of pure 
cane sugar, and determioiDg the retardation of each. A curve is 
then marked out on a piece of plotting- paper, the number of 
grams of sng&r in 100 C-O. of the different syrups representing the 
abscissas, and the d^rees of retardation the ordinates. This curve 
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enables us to ioterpolate the nlue of each degree of retardation in 
terms of pure cane sugar, and in this way a table of viscoeitieB is 
drawn up and furnished with each instrument. This table renders 
the results obtained hj the different inetrumente strictly comparable. 

One advantage of the torsion viscoeimeter is that the obserrations 
are independent of the specific gravity of the liquid, which is not 
the case with instruments depending on flow. Doolittle, in iact, 
found that liquids of the same viscosity, but different gravities, 
gave markedly different results with Saybolt's viseoeimeter. 
Tables showing comparisons between viscosities determined by the 
Say bo It and Doolittle apparatus are furnished by the makers 
of the latter form. 

Among other advanti^es, the instrument permits of the taking 
of viscosities at high temperatures without the incoDvenienceg of 
haodliug the hot liquid. This is an important point, as the results 
obtained below 100° C. are often so much changed at higher tem- 
peratures that the relative viscosities of two oils compared at 
100° C. may be reversed when compared at 175° C. (See p. 117.) 
By means of a paraffin bath these high temperatures can be easily 
employed in this instrument. 

When an oil has been tested, it is only necessary to remove and 
wipe off the cylinder, when it is ready for another test. The data 
are also independent of any moderate amount of dirt in the oil. 

S ay bolt' a viteotimef^is much used in the United States. It is 
* made in three forms, adapted for testing different grades of oils. 
One form consists of an outer vessel serving as a bath, and inner 
tube to carry the oil. In each of these there is a glass window, that 
the time when the level of the oil reaches a certain point can be 
readily observed. 

At the top of the oil-tube there is a series of holes which open 
into a trough, so that the tube can not be filled above the line of 
these boles ; hence the same amount is used each time. For higher 
temperatures an apparatus is used without windows, the oil being 
allowed to flow into a flask marked at a definite volume. 

Many other ferma of viscosimeter have been devised or proposed. 
HoBt of them are based on the rate of flow under the influence of 
gravity, and bence are different only in details from the Redwood, 
Engler, and Saybolt instruments. Traube* has suggested a 

> /. s. C. I., 1887, *14. 
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form in which the oil ia forced by pressure through pipettes, the 
caliber of which differs accordiDg to the oil to be tested. Wright 
and Oil 1 have expressed favorable opinions of this instrument, but 
it has not come into general nee. Several forms have been con- 
8truct«<l in which a vane is rotated in the oil, but with such appa- 
ratus it is very difficult to obtain uniform results. It la probable 
that the torsion instrument comes more nearly to the conditions of 
practice than any form.' 

The SoLiDipriMQ Foikt of a lubricating oil can be determined as 
described in Vol. II., part 1, page 36. It is & character of such ob- 
vious importance in judging of the suitability of a lubricating oil for 
aparticular purpose that nothing need be said of it here except that, 
as a rule, an oil is required to remain liquid at the temperature at 
which it is employed. 

The FLAaHiMG Point, or temperature at which an oil gives off 
a notable quantity of infammable mpor, may be determined by the 
methods given on pages 104 to 109. The flashing and boiling 
points of the fatty oils are so high as to be beyond the temperature 
to which they are subjected in use; but with hydrocarbous the 
point becomes important. In the case of oik employed for engine 
cylinders, the flashing point should certainly not be lower than 
200° 0., nor the boiling point below 260" C. The importance of a 
high flashing point is twofold in such cases. There is less chance 
of inflammation, and the india-rubber packing of the cylinders is 
lees liable to be injured. * 

The Loss by Heating the oil is also an indication of the pres- 
ence of volatile constituents, which may cause a serious increase in 
the amount of oil consumed in practice- To observe the behavior 
of the oil, a known weight should be placed in a watch-glass, wide 
beaker, or flat porcelain disb, and kept for twenty-four or forty- 
eight hours in an air-bath at a temperature similar to that to which 
it will he exposed in practice, and the residual oil weighed. Qill 
heats the oil for eight hours, and regards a loss of over four per 
cenL as sufficient to condemn the oil. 

TheOzidisability or Dryimq Character of an oil is likewise 
indicated by the test last described, the increase in the weight of 
different samples when exposed under the same conditions being 

1 In a private oommunioation (April 3, 1899) to the Americm reviier, Mr.Doo- 
litMe notei tbat Urge eiperienca with the inatruniCDC in compsrisoD nith otbar 
vimoBimeUra hu conflrmed the value of it. 
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a measure of their tendency to oxidise. The method of making 
the teat may be varied (see Vol. II., part 1, p. 66), but comparison 
between different oils is difficult unlees the mode of operating has 
been idenUcal. "Gumming," or tendency to dry, if existing to 
any notable extent, renders an oil unfit for use as a lubricator. 
The hydrocarbon and terrestrial animal oils are practically free from 
drying tendencies; but "fish "oils are less perfect in this respect, 
with the exception of eperm and bottlenoee oih, which have pecu- 
liarities which distinguish them from all others (see Vol. II., 
parti, p. 204). The vegetable oils differ greatly in their drying 
properties, but even the so-called non-drying oils, like rape and 
olive (see Vol. II., part 1, p. 138), are not wholly free from a ten- 
dency to thicken. An admixture of hydrocarbon oil notably 
reduces the tendency of a vegetable oil to thicken, and correspond- 
ingly diminishes its liability to generate sufficient heat to cause 
spontaneous combustion. On the other hand, the presence of resin 
causes a notable increase in the gumming tendency of an oil. 

For determining the gumming quality of lubricating oils, A. 
Bach' uses the following method, slightly modified from that of 
Fresenius: 

The oil is heated for ten hours with oxygen in a sealed tube 
(about 100 to 125 c.o. capacity) in an air-bath j the point of the 
tube is then brokea under a measured volume of water, and from 
the diflerence in volume the absorption is calculated. The presence 
of excess of oxygen after the completion of the experiment should 
be proved with a glowing splinter of wood. The following absorp- 
tions were obtained, 1 grm. of oil being taken in each case: 
Oxieta A 

Mineruloila, oi t( 

„ „ (o-8«S) 4'8 

LobiicB ting grease, it'S 

Cod oil {0963) 76-3 



Rape oil, 166-0 

Cotton-eeed oil, iito 

Hioeral oil (o-S6$) with 10 per cent, cod oil, . 9'4 

Oleo-naphtba „ „ . . . . S'6 

Rosin oil or vegetable oils in admixture with mineral oils can 
thus be detected on account of the low oxygen -absorption of the 

■ Clitm. Zeil., 13, SD5. 
VOL, II, PT. II.— 9 



3vGooglc 



130 HYDROCARBONS. 

Utter. Furtber, the oil has onl; a slight or do acid reaction in 
the case of mineral oil, and a strongly acid reaction in that of roein 
oil. 

The Free Acid of an oil and its tendency to act on melait are 
characters nhich are closely related. A perfectly neutral oU has 
na aotioD on metals at ordinary temperatures, and experiment 
shows that the corrosive action increases in direct proportion with 
the quantity of free acid present (Vol. II., part 1, p. 126). 

Many cases of eo-called " digging " or "gumming" of oils, 
commonly attributed to oxidation, are really due to the action of 
the free adds on the metal bearings of the machinery, with conse- 
quent production of soaps. The corrosion of bearings by oils has 
not received the attention it deserves, as the wear and tear of the 
metal and the thickening of the oil have been attributed to other 
causes. Liquid oils appear to corrode metals very evenly, ao that 
the effect is not readily observed, but with solid bts it is very 
different. 

Although when freakly mamifadured an oil may be free from any 
trace of acid, it is not unlikely to acquire a very sensible acidity in 
time. This is true of many animal and vegetable oils, which have 
a tendency to become acid by keeping, through a partial splitting 
up of the fats into glycerol and free &tty acids. Hydrocarbons 
are free from this tendency, but it must be remembered that a 
hydrocarbon which has been over-refined by means of sulphuric 
acid may develop serious acidity by keeping or by exposure to 
heat. 

The presence or formation of free acid in an oil being the chief 
if not the only cause of its tendency to act on metals, the results 
published by various observers, showing the amounts of iron and 
copper dissolved in equal times by different oils, have no interest or 
meaning apart from the particular samples of oils examined, the 
action on the metals being simply a function of the free acid the 
oils happened to contain. 

Although, at the time of using, an oil may be wholly free &om 
acid reaction, it may, if of animal or vegetable origin, readily be- 
come acid, and hence corrode the metallic sur&ces it is employed 
to lubricate. This is notably the case when the oil is exposed to 
the action of high-pressure steam, as under such conditions all the 
fiktty oils suffer decomposition more or less readily, with formation 
of &ee fittty acids and glycerol. 
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The free &tt7 acids formed by the hydrolysis of the oil readily 
act on the metal of the cylioder aod produce an iron soap which 
clogs up the machinery in a very troublesome manner. It is a 
curiona Jkct that the aoapa of iron and other of the heavy melals 
(especially the aleat««) are soluble in hydrocarbons, though insolu- 
ble in water, the reverse being the case with the soaps of the alkali- 
metala. As a consequence of this the iron soap produced in 
engiae cylinders lubricated with tallow, castor oi), or other iVitty 
oils, becomes dissolved out whenever a change is madeto a mineral 
' lubricating oil. This fact is well known to engineers, but it baa 
often been wrongly attributed to an abundant production of "gummy 
matter" by the mineral oil it«elf. 

In ooDseqnence of their tendency to become decomposed by 
high-pressure steam, &tty oils are unauited for use in en^e 
cylinders, at any rate in an unmixed state, and in many instances 
they may be wholly replaced with advantage by mineral oils of low 
volatility and high viscosity. 

Iq some cases it is found difficult to obtain mineral oil having a 
Bufficiently high viscosity at the temperature at which it ia intended 
to be employed, and an addition of castor oil is consequently made. 
There then arises the practical inconvenience that mineral and cas- 
tor oil are mutually soluble only to a very limited extent, but by 
addition of some other oil, aucb as tallow oil, perfect union can 
be effected. The "blown oils" now extensively macu&ctu red as 
substitutes for castor oil are readily miacible with mineral oil. 

A mixture of mineral oil with fatty oil, when used in an engine 
cylinder, appears to exert a lese corrosive action on metala tbao 
might be anticipated from the proportion of fatty oil in the mixture, 
the mineral oil appearing to prevent the decomporing action of the 
steam on the fatty oil. 

It is evident from the forgoing coDsiderations that, in making an 
examination of a lubricating oil, its tendency to act on metals 
should be tested as far as possible under the circumstances and at 
the temperature of its use in practice. Thus, not only should the 
nature and proportion of free acid present in the original oil be 
ascertained, as described in Vol. II., part 1, p. 104, but in some 
cases this determination should be aupplemented by a titration of 
the oil after it baa been exposed to a high temperature in contact 
with water. Fifty grams of the oil and an equal meaaure of water 
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should be heated in aclosed battle immerBed iu boiling water. Tlie 
conteulB are frequently agitated, and after six or eight hours the 
bottle is opened and the oil and water are separated. They are tiien 
titrated separately with decinormal alkali and phenolphthalein 
(Vol. II., part 1, p. 104). The acidity of the aqueous liquid will 
generally be due to free mlphurie add, produced by the decomposi- 
tion of sulphonates in the original oil, and if found in notable quan- 
tity, proves the oil to be of an objectionable character. The acidity 
of the oily stratum will represent the fatty acids formed by the 
action of the water, plve the fatty acids previously present, which ' 
latter can be ascertained by titrating the original oil. In the case 
of cylinder oils, it may sometimes be desirable to heat the oil and 
water in a sealed tube contained in a bath of boiling saturated solu- 
tion of calcium chloride, which will give a temperature correspond- 
ing to an internal pressure of 10 atmospheres, or about 150 lbs. per 
square inch, but in most cases a temperature of 100" C. will suffice. 

Useful results can be obtained by exposing, to the air, sam- 
ples of lubricating oil in fiat porcelain dishes. Bronze coins, or 
coils of copper or iron wire, are partially immersed in the oils. 
When copper is employed, in the course of a day or two many 
samples of oil acquire a bright green color from dissolved copper 
oleate, but in other cases the extent of the action is much disguised 
by the brown color of the oil. If the oil be transferred to a sepa- 
rator (Vol. II., part 1, p. 113), and shaken with ether and dilute 
sulphuric acid, the dissolved metals pass into the acid liquid. On 
separating this from the ethereal layer and adding excess of ammo- 
nium hydroxide, the depth of the blue coloradon produced is a 
fairly accurate measure of the action of the oil on the copper. If 
iron wire has been employed, the depth of the red coloration pro- 
duced by adding a thiocyanate instead of ammonium hydroxide, will 
serve to indicate the extent of the action. The method, which is 
due to Arcbbutt, is capable of being applied quantitatively, and 
gives useful comparative results when employed under constant 
conditions. 

In some cases useful results are obtainable by exposing oils in 
contact with metals at an elevated temperature, and then ascertain- 
ing the extent of the action as jujt described, 

W. Fox (Anah/Bt, 1683, 116) considers that the value of a lubri- 
cating oil is inveraelyas its tendency to abeorb oxygen when heated 
to 100° C in contact with a metal, such as finely-divided lead. His 



3vGooglc 



PBTBOLEUM AND 8BALE PRODUCTS. 133 

fignre8Bhow,however,that the drying tendency of the oil employed 
is the chief factor concerned, though the amount of oxygen ah- 
sorhed is not an accurate criterion of this property. 

MiNEBAL Matters can be detected in the residue left on ignit- 
ing the oil. Frea alkali can be determined by titrating the oil in 
presence of alcohol with standard acid and pbeoolphtbaleiD, and 
that existing as toap by using methyl-orange aa an indicator. 
Aluminum palmitale and oleate are now added to mineral oils to in- 
crease viacosity. Various soaps, especially those of aluminum, are 
added to lubricants to increase the viscosity. A mixture of mineral 
oil with about 10 per cent, of aluminum soap is sold largely under 
the misleading name "gelatin." 

For the detection of these Bchweitzer and Lungwitz' have 
devised the following test: About 0.5 c.c. of the sample are dis- 
solved in 6 c.c. of petroleum spirit (boiling below 75" C), anhydrous 
ether or absolute alcohol, and mixed with 1 c.c.of a saturated solu- 
tion of mctaphosphoric acid in absolute alcohol or anhydrous etber. 
In the presence of potassium, sodium magnesium, or aluminum a 
precipitate is formed. The reaction depends on the fact that, while 
metaphosphoric acid is soluble in absolute alcohol or ether, most of 
its salts are insoluble. The reagent may be prepared by shaking 
the powdered metaphosphoric acid with absolute alcohol, allowing 
the mixture to stand until clear, and pouring off the solution. It 
must be kept tightly stoppered. 

Calcium oleate is not infrequently added to mineral lubricating 
oils. 

Mineral Lubricating Oil. 

The products classed under this title are obtained chiefly from 
two sources — namely, the less volatile fluid portions of petroleum 
and the less volatile fluid portions of the oil produced by the dis- 
tillation of bituminous shale. In the case of petroleum the lubri- 
cating oil has not always undergone distillation, but is obtained 
fh>m the residues by treatment with charcoal and other purifying 
agents. Such oils, often called "natural oils," or "reduced oils," are 
preferable as lubricante to those which have undergone distillation. 

The lubricating oil obtained from either American petroleum or 

shale has essentially the same chemical composition. It consists 

lai^Iy of the higher etbenes, with, in the case of the shale product, 

tj.s. c. I., iS9i, ins. 
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am&ll amouiita of polymeriaed ethinea, and poeaibly also terpenee. 
Small proportiona of solid methanes are often present in solution, 
but higher members of the series peculiar to Caucasian petroleum 
(p. 63) are probably present in large amount. 

Mineral lubricating oila are called bj various trade-naraes, such 
as " oleonaphtha," " valvoline," " vuIcan oil," " globe oil," &a. Id 
color thej range from p&le yellow through all shades of red, browD, ' 
green, and blue, to black. The better qualities have very little 
taste and no marked odor, either at the ordinary temperature or 
wbcD heated. 

Mineral lubricating oils havespecifio gravities ranging from 0860 
to 0'925, the most usual figures being between 0880 and O'OIO. Aa 
oil of ap. gr. 0940 has been prepared from Brazilian petroleum. 
They are not optically active, but usually exhibit a strongly marked 
blue or green fluorescence, a characteristic in their detection. The 
method of applying the teat is described Vol. IL, part 1, p. 111. 

The fluorescence or "bloom" of mineral lubricating oil may 
sometimes be destroyed by exposure to light, but more rapidly and 
certainly by subjecting it to a process of limited oxidation by treat* 
ment with nitric acid. Turmeric, a-nitronaphthalene, and picric 
acid also obscure the fluorescence. Dinitrotolueue is much used 
in the proportion of four pounds to the ton of oil. There are, how- 
ever, varieties of mineral lubricating oil wholly non-fluorescent, and 
in which the property cannot be developed by any known treatment. 
These oils, if derived from shale, usually deposit solid paraffin on 
cooling to about — 8" C. They distil without decomposition, are 
unaffected by alkalies, aud behave in the ordinary manner with 
sulphuric acid. 

Mineral lubricating oil is not acted on hy alkali, a fact on which 
is founded the process of detecting and estimating it when mixed 
with fat oila. (See Vol. II., part 1, p. 113.) 

When treated with bromine, mineral lubricating oils absorb a 
proportion of bromine which is of some value in forming an opinion 
as to the origin and constitution of the oil. (See p. 25.) 

An English patent has been granted for a mixture of soap, tur- 
pentine, and mineral oil of high boiling point. It is claimed that 
by this means a much lai^r proportion of paraffin oil can be 
added to soap than when turpentine is not used. 
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Id determiDiog the general ch&rscter of hydrocarbon lubricating 
oils, as also their suitability for special purposes, the properties to 
be taken iota account are the same as those vhich are important 
in the case of lubricating oils of animal or vegetable origin, but the 
following additional characters may be noted : 

a. Color is of little importance except for the fine kinds of oil. 
A nell-marked fluorescence is aa ordinary charaoteristic of min- 
eral oils, but is in do reapect a test of quality. Turbidity may 
be due to water in suspension, in which case the oil usually froths 
OD heating, or it may be caused by the presence of solid hydro- 
carboDB which dissolve on warming the oil. Other tolid matters 
may be separated by diluting the oil with ether or petroleum 
spirit, filtering, washing the residue with ether, drying it gently, 
and weighing. 

b. The smell should I>e very slight, even on warming. A marked 
odor indicates an imperfectly refined oil, or the presence of objec- 
tionable volatile compounds which will lower the flash-point of the 
oil and increase its waste In use. 

c. The specific gravity may vary within wide limits. As a rule, 
the greater the specific gravity of an oil, the higher will be its flash- 
point and viscosity ; but there are many exceptions. Lubricating 
oils from Russian petroleum have a higher viscosity than the 
products of similar density from American petroleum and shale 
oil. In the cose of oils completely fluid at the ordinary tempera- 
ture, the specific gravity may be determined by any of the usual 
methods. The density of the thicker and semi-solid oils is beat 
ascertained by filling a specifio gravity bottle to the brim with the 
warm oil. When it has cooled to a temperature of 15*5° C., the 
stopper is inserted, and worked to and fro until it is forced home, 
the excess of oil gradually escaping through the perforation in the 
stopper, when the bottle may be wiped and weighed. 

d. On exposure to cold the oil should assume the consistency of 
a jelly or ointment, and the temperature at which it undergoes this 
change should not be inconsistent with the conditions under which 
it is to be used. The test is commonly applied by slowly cooling a 
sample in a tul>e about It inches in diameter, and noting the tem- 
perature at which the oil no longer flows on inclining the tube, or 
that at which separation of solid paraffin begins. The lubricating 
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oil from Baku petroleum beare exposure to a very low temperature 
( — 20" F, iu some cases) without becoming solidified or eveo 
depositiog any paraffin. This peculiarity may be employed to dia- 
tinguiBh Russian from American products. 

e. The flash-point (p. 104) of a lubricating oil should be 
&irly high. A low flash-point indicates the presence of volatile 
constituenta which will produce an odor, cause waste, and may 
poesibly be dangerous. A high flash-point is often rigidly insisted 
on in the case of oils tu be used in cuttun mills or engine cylinders. 
The flashing points of the pale Scotch oils from shale range from 
ISO" to 180° C, and of the darker oils and greases from 180° to 
230°, These oils nsually become viscous about 0° C. The pale 
oils from American petroleum manufactured by the Thompson 
and Bedford Company flash from 166° to 230° C, the speciflc 
gravity ranging from 0885 to 0920. The black oils flesh at tem> 
peratures ranging from 180° to 204° C, according as the melting 
point varies from — 10° to — 1° C. 

The flash-point of lubricating oils is best observed by the Abel 
apparatus, but the water-bath must be removed and the interme- 
diate air-bath filled with olive oil or melted paraffin wax. The 
apparatus is then heated on a sand-bath, and the flash-point of the 
oil observed in the usual way. The New York State tester is also 
used. Some operators use the open test. 

/. On heating a mineral lubricating oil in a platinum capsule, it 
should volatilise without the production of any very pungent odor- 
and if the vapors he allowed to ignite and the flame be then blown 
out, no smell of resin or acrolein (from fixed oils) should be observ- 
able. Spindle oil should not lose more than 5 per cent, of its 
weight when absorbed by filter-paper and exposed to 60° C. for 
twelve hours. (See also p. 128.) 

g. On ignition, a mineral lubricating oil should leave no inor- 
ganic residue, or merely an insignificant trace (less than 0'05 per 
cent.). Certain oils, which have beentreated with aoda, leave a very 
sensible quantity of ash of marked alkaline reaction to litmus. The 
same result would be obtained if the oil contained a eoap of ao 
alkali-metal, but soap is neutral to an alcoholic solution of phenol- 
pthalein (Vol, II., part 1. p. 292). A more usual addition, bow- 
ever, is aluminum palmitate or oleaie, which is added to lubricating 
oils to increase the viscosity. It often separates from the mineral 
oil after a Lime, especially in contact with water. If such oil be 
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heft ted, it foams Tiolentlj.. Aluminum oleate can be detected as 
noted on ptge 133. 

h. The oil should be agitated in a test-tube with an equal measure 
of boiling vater, and the tube then kept in tlie water-oven until 
eeparatioD occurs. The formation of a granular white layer at 
the junction of the two liquids indicotee the presence of rejrin. If 
the liquid assume a mtlky-wbite appearance, the oil has been insuffi- 
ciently washed after the final treatment with soda. Alkali is often 
purposely left )□ an oil with the view of increasing its " body " or 
viscosity. This ia effected by blowing air through the imperfectly 
washed oil. As the moisture is got rid of, the oil takes up the soda, 
while remaining perfectly transparent Such oil is very prone to 
oxidise, and becomes turbid on exposure to air from absorption of 
moisture. It is also liable to change in color. If a mineral oil be 
boiled ID a large excess of water for three or four hours, the oil will 
be practically unaltered in color if of first-rate quality. 

i. If the oil be a^tated with an equal measure of causlio soda 
solution of 1-36 specific gravity, and the tnbe kept at about 65° G. 
until tbe liquids have separated, a precipitation of tarry matter indi- 
cates that the oil has previously been insufficiently treated with 
soda, and hence is liable to deteriorate in color. A first-rate oil 
gives DO trace of tarry matter when submitted to this test The 
formation of a white emulsion with the alkali is due to an admix- 
ture oteome fatty oU,faMy acid, or renn. A diminution in tlie bulk 
of the oil indicates the presence of phenoloid bodies, which may be 
determined hy a quantitative application of the test. 

k. Fatty oils may be detected and determined with considerable 
accuracy by saponifying the oil and extracting the aqueous solu- 
tion of the soap with ether, as described in Vol. II., part 1, 
p. 113. 

I, When 10 cc mineral lubricating oil are shaken with 4 
c.c of Bulphurio acid of r73 specific gravity at 15'5° C. for 
two minutes, it will remain unchanged or acquire simply a 
yellow tint if of good quality, but if the sample be imperfectly 
refined, or if eoal-tar oil be present, more or less browning will 
ensue. On treatment with concentrated sulphuric ooid, in the 
manner described in Vol. II., part 1, page 76, lubricating oils from 
shale and petroleum at first develop a trifling degree of heat 
(3" to 4' C), though on continued stirring a very decided increase 
of temperature is sometimes observed. Soain oil usually causes a 
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rapid rise of 18" to 22" C, and with xoal-tar oil the action ia rtill 
more marked. Fatly oUi rarely give a less rise than 40° C. 

m. If 10 c,c. of the oil be mixed with an equal measure of 
fuming nitrio acid of 1 45 epeoiBc gravity, but little rise of tempera- 
ture will occur with good mineral oil or shale lubricating oil, but 
great heat ia produced by coal-tar oil. Rosin oil mixes quietly 
with the acid, and then suddenly evolves much heat. Methods for 
detecting adulteration with rosin oil are described under that head. 

Deblooming AgenU. — As a general preliminary teat, Holde' 
advises the following: The clear oil is boiled fur from one to two 
minutes in a test-tube with about 3 c.c. of concentrated alcoholic 
soluUon of potassium hydroxide. Oils containing nitro-compounds 
become blood-red or violet-red, and on warming the upper part of 
the tube where there are adhering drops of the alkaline solution, 
just above the main bulk of the liquid, these drops become at once 
red dish- violet. Holde has never observed the latter reaction with 
any oils not containing nitro-derivativea, but some fatty oils will 
produce on long beating a yellowish-red or blood-red in the body 
of the liquid, although the usual color is a merely brownish. 

For the detection of a-nitronaphthaleue used as a deblooming 
agent, N. Leonard' has devised the following method, depending 
upon the production of a-amidonaphthalene, which has a charao- 
teristio disgusting odor, similar to that of a decayed tooth. 

A small quantity of the oil is gently warmed with zinc dust and 
dilute hydrochloric acid, and the mixture shaken from time to time. 
If a- nitron aphthalene be present, the odor of the amido-derivative 
will be noted. When the reduction is complete, the acid water is 
withdrawn by a separator funnel. A portion of this liquid, neutral- 
ised by ammonium hydroxide, will give, with ferric chloride, a blue 
precipitate, becoming purple. The remainder of the solution may 
be rendered alkaline with sodium hydroxide and extracted with 
ether, the ether evaporated, the residue dissolved in a little alco- 
hol, and to this solution a drop of a solution of sodium nitrite, acidi- 
fied with acetic acid, is added. A yellow is produced, which is 
chauged to crimson by hydrochloric acid. 

Mineral oils are sometimes adulterated with oaoutcbouc. For 
the detection of this, Holde* advises the following data in addi- 
tion to the usual tests: Ascertain the solubility by shaking one 

^J.S. e. /., I8M, BOS, 
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Tolnme of the oil with twa volumes of alcohol, benzene, or ether; 
precipitate the caoutchouc by treating the oil with a mixture of 
three parts ether and four parts alcohol. The precipitate ie filtered 
oat, washed, dried, and weighed. 



The following methods ibr the examinattoD of heavy mineral oil 
have been formalated by the Scottish Mineral Oil Association 
{J.S. C./., 1891,846): 

Flashing Point, — The oil-cup and cover of the ordinary "Abel" 
flash-point apparatus is to be employed. The cup is filled with oil 
in the usual manner, and the rate of heating is to be luch that at 
least fifteen minutes are taken in raising the temperature of the oil 
to 300° F. In the event, however, of a dispute arising as to the 
correct flashing point of a heavy mineral oil, the qaesUoD is to be 
decided by means of the "Fensky -Mart ens" apparatus. 

Viaeofiiy, — The "Redwood" viscometer is that which is to be 
employed in the determination of the viscosity of mineral oils. 
Ordinary results are to be expressed — as the time, in seconds, which 
60 CO. of the oil take to flow through the orifice at a temperature 
of 70' F. 

SeUing Point. — This is determined in the following manner: 
Into a test-tube having a diameter of about 11 inches the oil to be 
tested is added to the depth of about 2 inches, the tube is then 
immersed in a freezing mixture, the oil being slowly stirred with 
a thermometer until it has cooled down considerably below the tem- 
perature at which solid paraffin first appears ; tiie tube b then 
removed from the freezing mixture, the oil constantly stirred with 
the thermometer, and the point carefiilly watched at which the last 
trace of solid parafiln disappears. This operation is repeated with 
the same sample of oil, until two experimenU give concordant 
results, the temperature so ibund being the setting point. 



Vaseline. Petroleum Jelly. Soft Paraffin. 

Vaseline consists of those portions of petroleum which are soft 
or pasty at ordinary temperatures. It is taken from petroleum or 
ozokerite stills after the greater part of the oil has volatilised. The 
crystallisable paraffin is more or less removed, and the residue puri- 
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fied without distillatioD, treatment with sulphuric acid and super- 
heated steam and filtration through animal charcoal being the usaal 
methods employed. An English patent was taken out in 1847 by 
G. B. Mansfield for a process for deodorUing or decolorising 
petroleum sediment by means of animal charcoal. 

Vaseline is now extensively used as a lubricant and to protect 
iron and steel goods from rust. It has been much used as a valua- 
ble basis for ointments. It varies somewbat in its physical charac- 
ters according to its origin and quality. It is ordioarilya colorless 
or pale yellow, translucent, fluorescent semi-solid. The commoner 
kinds used for lubricating have a dark greenish or brownish color. 
It is free from taste aud smell. Under the microscope crystals 
are sometimes visible which become more numerous on cooling. 

The commercial varieties maybe classed under two heads: (1) 
those which, like the product from American petroleum, are 
obtained as a ready-formed mixture of hydrocarbons of gelatinous 
consistence; and (2) those made by directly mixing solid paraffin 
of low melting point with heavy lubricating oil. The latter kind 
are less homogeneous and are liable to deposit crystals of paraffin 
on keeping, and hence are not so suited for the preparation of oint- 
ments as the American article. 

Vaseline usually melts between 40° and 50° C, At the boiling 
point of water, compared with water at 155° C, the specific gravity 
of vaseline ranges between 0803 and 0855, figures which present a 
striking contrast to those reprraenting the specific gravity of paraffin 
and ozokerite under the same circumstancea (0*748 to 0757). It is 
insoluble in water. Cold alcohol of 98 per cent, dissolves a small 
amount; iu hot alcohol it dissolves freely to a clear solution, from 
which it separates in flakes on cooling. 

Vaseline consists chiefly of methanes, the iso-forma from CkHm 
to CaiHt, being apparently most abundant. A notable proportion 
of ethenes is also present. 

The following figures show the specific gravity and bromine- 
absorption of samples of vaseline and allied products examined in 
the author's laboratory. The density determinations at 99° C 
were made with a plummet and Westphal balance, and the 
bromine-absorptions as on page 24 : 
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White pomMleTaeeliiie(ChesebTonghCo.),o'Ss6 o S036 11-3 1.8 

YelloiTTaseline (maker unknown), . . . .0-870 0-8140 l-l 0.0 

Yellow vaseline (maker unknown), . . . .0-873 0-8173 7-2 11 

W'hitepomBdeozokerine(J.C.&J. Field), . . o-Stio i-i 03 

Yellotrponiadeozi}keriDe(J.C&J.Fleld), 0-909 0-8547 8-5 1-3 

White cerasin mixture, 0-8128 1-7 0,3 

Petroleum jelly (Grindley* Co.) 0-896 0-8411 29 0-7 

Vaseline tallow, . 0-S84 0-8374 io» '7 

Petrolina (BinghamtOD Oil Co.), 0-8145 7'9 ''3 

In warm ether, American vaseliae dissolves freely to a clear 
BolutioD exhibiting a strong blue fluoresoeace, and the liquid 
remains clear, or becomes at most only slightly turbid on cooliog. 
German VBBeline, on the contrary, is said to form a thick solution 
and give a considerable deposit on cooling. Buaaian vaseline is 
stated to dissolve completely in warm ether, and give a clear solu- 
tion which becomes turbid on cooling. 

Vaseline is readily soluble in chloroform, benzene, carbon 
disulpbide, and turpentine. From these and its ethereal solution 
alcohol precipitates it. Vaseline is miecible in all proportions with 
fixed and volatile oils. With glycerol it forms an intimate mixture 
which separates into its conatituenls when warmed, the melted 
vaseline floating on the glycerol. Treatment with water also 
removes the glycerol 

Vaseline is neutral in reaction, and but little affected by chem- 
ical reagents. It is notsaponified or otherwise acted on by alkalies, 
and is unaffected by hydrochloric or dilute nitric acid. Boiling 
snlpfanrio acid of 1'60 and boiling nitric acid of I'18 specific gravity 
are said not to alter it ; but fuming nitric acid colors it yellowish- 
red and sulphuric acid of 1'820 specific gravity greyish -black, the 
acid itself acquiring a yellowish-brown color. 8ome samples 
blacken on treatment with cold concentrated sulphuric acid, a reac- 
tion which indicates the presence of bodies other than paraffins. It 
does not oxidise or turn rancid on exposure to air. Vaseline intended 
for pharmaceutic use should be refined with the aid of acid. 

Good vaseline should be completely volatile wbea heated in 
platinum, without giving any smell of burning fat (acrolein) or 
roein. When agitated with twice its measure of strong alcohol it 
should reinaia practically undissolved. The spirit should not 
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acquire an acid or alkaline reactioo, and should not give any notice- 
able precipitate oa dilution with water. When agitated with cold 
concentrated sulphuric acid diluted with one-ninth of its weight of 
water, vaseliae gives no marked increase of temperature, and ought 
not to become very strongly colored. When subjected to the saponi- 
fication proccM employed for the determination of hydrocarbons in 
fixed oils, vaseline should yield to the ether an amount of unsaponi- 
fiable matter almoet equal to the ori^aal weight of vaseline used 
for the experiment ; while, on the other hand, the aqueous liquid 
separated from the ethereal layer should yield no notable precipi* 
tate on being acidulated. . 

The Uuited States Pharmacopeia has introduced, under the title 
" Fetrolatum," a preparation equivalent to vaseline. It is defined 
as follows in the current (1890) issue : " A mixture of hydrocarbons, 
chiefly of the marsh-gas series, obtained by distilling off the lighter 
and more volatile portions from petroleum and purifying the residue 
when it has reached the desired melting point. A fat-like mass of 
about the consistency of an ointment, varying from white to yellow- 
ish or yellow, more or less fluorescent when yellow, especially after 
being melted, transparent in thin layers, completely amorphous and 
without odor and taste, or giving off when heated a faint odor of 
petroleum." 

The British Pharmacopeia (1898) recognises " Paraffinum molle" 
and " Paraffinum liquidum." The former should melt at from 35'5° 
to 3d'9° C, have at its melting point a specific gravity of from 0'84O 
to 0'S70, give off no unpleasant odor when heated to 48'9' C, and 
l>e freely soluble in ether, chloroform, and benzene. The latter 
should boit at not below 360° C. and have a specific gravity of from 
0-885 to 0-890. 

The QermaD Pharmacopeia recognises " Paraffinum liquidum " 
and " Paraffinum solidum." The former should have a specific 
gravity not less than 0880 and should boil above 360° C. The 
latter should melt at from 74° to 80° C. 

Mixtures of the intermediate members of the petroleum deriva- 
tives of such composition as to remain liquid at common tempera- 
tures and practically free from odor are now &miliar commercial 
articles. One of these preparations is commercially known as " gly- 
coline." Among the uses which may be made of it in the labora- 
tory is the preeervalion of specimens of sodium and potassium, 
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which keep bright muoh longer in this liquid than in ordinaiy 
keroMne. 

"Ozokerioe," "foMiline," "chryeine," " coemoline," "sazolene," 
" geoline," " petrolina," " vaBeline tallow," Ac, are trade-namee of 
articles of the vaseline class. 

Paraffin. Paraffin Wax. Solid Paraffin. 

Paraffin is found native in the coal-measures and other bitnmi* 
ooua strata, conetituting the minerals known as fossil wax, hatch- 
ettin, osokerite, Ac It exists also in solution in many kinds of 
petroleum, and is obtainable therefrom by distilling off the more 
volatile portions and expoeing the remainder to a low temperature. 
Solid paraffin may be obtained in a similar manner from the tarv of 
wood, cannel coal, and bituminous shale, and is now manufactured 
on an enormous scale from the last source. (See p. 38.) 

Paraffin is a white or blnish-whit«, waxy solid, without taste or 
smell. Its density and melting point vary with its compoeition, and 
the same is true of its boiling point, which is very high. Exposure 
to continued heat, aided by pressure, resolves paraffin into liquid 
hydrocarbons (p. 91), and the same result is partially obtained 
by distillation. By merely raising the temperature to 370° C. it 
undergoes decomposition, with separation of carbon and formation 
of permanent gas, liquid products, and a paraffin of lower melt- 
ing point. It contains about 85 per cent, of carbon and 15 per 
cent of hydrogen. 

The specific gravity of paraffin increases with its melting point, 
as is shown by the following results attained by Galletly &om 
Boghead coal products : 

BpiciFic OaiTtriM. Keltdis Poiiris. 

0-8*36 ja-o" C. Sg-S" F, 

08480 39-0 „ loa-a „ 

0-8530 40-5 „ 104-9 >i 

0-9090 'S3-3 „ "8-0 „ 

0-9110 

0-9243 

0-9a4g 

0-9400 

a. Beilby (J. C. S., xliii. 388) has given the folloning data 

' IbM« tamparMnne tn oomMj fooUd. 



533 „ 


128-0 


ss-"* „ 


1364 


S9-0 „ 


138 = 
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respecting the epeoific gravity of a sample of Bfaale-oiL paraffin 

melting at 38" C. : 

SrKcinc Ot»YiTT. 

In the solid state, at 31° C, 0-8740 

Dissolved in -885 paraffin oil, at ^fC, 0-7950 

Id tbe melted state (calculated to 21° a), 0795^ 

From thia it appears that paraffio in solution has practically the 
same density as when in the molten state. This result is compara- 
ble with one obtained by the author, vho found that spirit of cam- 
phor has a volume equal to the sum of the volumes of the camphor 
aud alcohol used in preparing it. 

The data in the following table, obtained in the author's labora- 
tory, show the relations between the solidifying point of parafQn 
was and its density in the solid and liquid state. The determina- 
tions of specific gravity of solid samplee were in most cases made as 
described in Vol. II., part 1, p. 220, but, oo repetition, the figures 
obtained were not very concordant. The density at 99° was deter- 
mineil by the plummet (Vol. II., part 1, p. 29), and the solidifying 
point waa ascertained by method d (Vol. II., part I, p. 37). 

Spmcitic Obavitt. aouDimna 

Ouam 0* Saupia PomT : " C 

Solid, It Liquid, at 

1S-5°C. KT-C. 

I. Shale oil, 0-8666 0-7481 44-0 

I. , 0-8961 0-7494 47-0 

3- ,. 0-9000 0-7517 S'* 

4- , 0911' o-7S7a 58-5 

5. American petroleum, . . 0-9083 0-7535 S3'8 

6. Ozolcerite, 07S3' 615 

7. Rangoon tor, 0-8831 07571 49'o 

From these figures it appears that, except in the case of the re- 
fiued ozokerite, there is a regular increase in the density with a rise 
in the melting point, as was observed by Galletly. There is a strik- 
ing contrast between the densities of the waxes in the molten state 
at 99° and the densities of the same samples when solid, the range 
in the latter case being, for the shale products, five times as great as 
in the former. In other words, the density of paraffin wax is far 
more constant when melted than in the solid state. It also appears 
that paraffin is much leas dense in the melted state than the oil 
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from which it crjatallisea on cooling, a sample of which had a 
specific gravity of 0'843 at 99". Vaseliae also is considerably 
deoMT than paraffin. 

Paraffin melting from 32° to 43° C. exhibits a weil-dcfined 
crystalline fracture; from 43° to 50° C. the crystals become much 
smaller and less marked, and from 60° C upwards the fracture is 
very close and fine in the grain. Paraffin that melts at 65° C. 
presents, on fracture, brilliant, white, acicular crystals having s 
silky lustre, and that melting at 77° C closely resembles bleached 
beeswax, but the fracture is not conchoidal. 

When paraffin is kept for some time under gentle presBUre, the 
temperature being somewbat below ita melUng point, a molecular 
change occurs and the substance becomes transparent. A sudden 
change of temperature or a sharp blow or knock causes the mass to 
return to its original state, but it may be annealed by slow cooling. 

Paraffin becomes plastic at a temperature considerably below its 
melting point, a fact which is disadvantageous when it is employed 
for making candles, but which is to a great extent obriated by a 
small admixture of stearic acid, wax, or other foreign body. 
, Mixtures of paraffins of different fbsing points melt at a temper- 
ature which is the mean of the melting points of the constituent 
hydrocarbons; but the products obtained by melting together 
paraffin wax and stearic or palmitic add, beeswax, &c., always 
have a melting point lower than the mean of those of their con- 
stituents. Thists well shown by the following table from Vincent's 
Manufaeturing Chemistry, the results recorded being obtained from 
mixtures of the Musselburgh Company's stearic acid, melting at 
130° F., with various proportions of three varieties of Young's 
paraffin: 



»s 


124-5 


lO 


I as as 


IS 


136 


lO 


1*7-5 


5 


128-5 


PT. 11.— 10 
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Whea tvo pieces of paraffin are sharply etruck together, a 
metallic riag'ii heard, the Bound being sharper the higher the 
meltiog point of the paraffin. 

Paraffin is completely insolnble both in hot and cold water. It 
is insoluble in rectified spirit, and but sparingly soluble in boiling 
absolute alcohol, the dissolred portion separating again on cooling. 
It dissolves readily in ether, is very soluble in petroleum spirit, 
shale naphtha, kerosene and benzene, cold essential oils, and warm 
fixed oils, and does not again separate from the last named on 
cooling. Hence it is roiscible with all kinds of vegetable and 
animal oils and fiita. It difi'erB from these in its indifi^rence to 
alkalies, and cannot be saponified. If, however, the soap he made 
from a mixture containing carnaiiba wax as well as paraffin, the 
latter is completely dissolved by the alkali, a fact which is said to 
be attributable to its solubility in the myricyl alcohol, CmHo'OH, 
which is a constituent of the carnauba wax. 

Paraffin burns with a very bright but not smoky flame, and hence 
is much employed for making candles and tapers. Paraffin candUt 
usually contain from 5 to 15 per cent, of stearic acid. The pres- 
ence of the admixture may be detected by adding a little powdered 
fuchsine to the sample and keeping it at 100° C. for some time. If 
pure, the melted paraffin will remain uncolored, but with 2 per 
cent, of stearic acid a pink color is produced, and if as much as 6 
per cent, be present, the whole mass becomes crimson. Colored 
candles are made by dissolving the fuchsine or other coloring mat- 
ter in stearic acid or beeswax, and adding the product to the para- 
ffin until the desired tint is obtained. 

Boiled with concentrated nitric acid, paraffin is oxidised, with 
formation of various products, of which the moat characteristic are 
succinic acid, C,H«Og, and cerotic acid, C,,HmO„ the production 
of the latter of which points to the presence of the hydrocarbon, 
CHu, in the original substance. Cerotic acid was also tl)e chief 
product obtained by Gill and Meusel by the oxidation of a 
paraffin, melting at 56° C, by means of chromic acid mixture. 

Paraffin is also violently oxidised by permanganate of potassium 
mixed with sulphuric acid and heated. Concentrated sulphuric 
acid attacks it at high temperatures, and the more readily, the 
higher the melting point of the sample. 

When heated with sulphur, paraffin is decomposed, with evolution 
of liydrogen sulphide and separation of carbon. 
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Other chemical characteristics of paraffin, and methodB for sepa- 
rating it trom kydroearboru of other seriea are given oq p^e 22 
eiaeq. 

For the quantitative analysis of mixtures of paraffin with fatiff 
aeida or fait, the process described in Vol. II., part 1, page 112, is 
suitable. The detection and determination of paraffin in heetwaa 
can be effected as described in Vol. II., part 1, page 224. 

Paraffiw ScALa Crude Paraffin. 

"Scale" is the technical name for the crude paraffin deposited 
by cooling the oils holding it in solution. The lower the tempers 
ture employed for refrigeration, the lower the melting point of the 
paraffin deposited. 

Id the practical tteAj of paraffin scale, methods must be employed 
which are acceptable under reasonable conditions by all interested 
parties. The following are the methods adopted by the Scottish 
Mineral Oil Association and certain representative purchasers : * 

Sampling. 

The sample is to be taken by means of a metal tube, which is 
made slightly conical ; the small end is inserted in the scale, and 
by means of a handle, which is removable, it is forced through the 
scale to be sampled. By this means a cylindrical core of paraffin 
is obtained. 

Care mast be taken to see that the tube is of such a length that 
the sample will represent the whole length or depth of the cask, 
waf^n, or bing. 

Preservaiion oj Samplet. 

Immediately after the sample has been drawn it is to be 
thoroughly mixed, placed in suitable wide-mouthed bottles, which 
may be closed either with glass stoppers or good corks ; if the latter 
are used, they should be covered with paraffin paper or soaked in 
melted paraffin wax before being inserted. The bottles are then 
finally sealed in the usual manner. The scale should be tightly 
packed into the bottles, which should be completely filled. 

Determination of Oil. 

(a) Pre»». — No special form of press is recommended for general 
adoption, but it must have some arrangement for indicating the 
pressure applied. The cup, in which the scale is placed during the 
application of pressure, should have an area of 20 square inches. 

'J. 5. a/., I8»i, B«. 
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(6) Preparation of SampU. — A. qaantity of the scale, after hariDg 
been freed from water and dirt by meltiDg and subsidenoe, b to be 
allowed to coot over night to a temperature of 60° F. The solid 
mass is then ground to a fine powder, a portion of which is used in 
the determination of the oil. 

(c) Quantity and Condilvms. — The quantity of scale to be used in 
the determination of oil ia to be 260 grains, which may, however, be 
reduced to 150 grains in the event of the scale containing much oil 
(over 7 per cent.). With " soft " scale the smaller quantity should 
be taken. 

(d) The temperature of the scale and the press is to be 60° F. 

(e) The scale is to remain under pressure for fifteen minutes. 

(/) Fine linen pressing cloths and a number of layers of filter- 
paper sufficient to absorb all the oil are to be used. The exterior 
papers must not be soiled by oil. 

(17) The maximum pressure is to be 10 cwt. per square inch, and 
the working pressure 9 owL per square inch. 

Delerviination of Water, 

The amount of water present in paraffin-scale may be determined 
by either of the following processes : 

(a) DutiUation from a Copper Flask.— From 1 to 2 lb. of the 
scale are heated in a conical copper flask of about the following 
dimensions: 27-5 cm. (U inches) high over all, 20 cm, (8 inches) 
diameter at the base, and 0'4 cm. (1*5 inches) at the neck. The 
bottom of the flask is slightly concave downwards. This is con- 
nected to an ordinary Liebig condenser. By means of a powerful 
Bunsen burner or lamp the water, accompanied by a small quan- 
tity of light oil, is volatilised and condensed. The distillate is re- 
ceived in a narrow graduated measure, so that the volume of water 
can be readily ascertained. As a little water usually adheres to 
the sides of the condenser tube, this is to be washed out with 
hydrated gasoline or naphtha and added to the principal quantity. 

(b) Price' a Company's MetJwd. — Five hundred grains of the scale 
to be tested are weighed in a tared porcelain basin and heated with 
constant stirring to 230° F., until bubbles cease to be given off: the 
loss is then determined. 

five hundred grains of the same teale, which has been freed of its 
water and dirt by melting at a gentle heat and subsidence, are to 
be heated in the same way, to a similar temperature for the same 
time, and the loss again determined. The loss in the second in> 
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stance is now to be deducted from the loss found in the first experi- 
meut ; the remaicder is taken as the quautit; of water present. 

Delerminalion of DirL 

The amount of dirt present in scale is to be determined hy melt- 
ing a weighed quantity of the scale, and, afl«r subeidwice, pouring 
off the clear paraffin. The rendne is then mixed with naphthsi 
thrown on a weighed dry filter-paper, washed with naphtha or gaso- 
line, dried, and weighed. When available, the quantity of scale to 
be used in the determination of the percentage of dirt should not be 
less than 7000 grains. 

Caloulaiion of Regults. 

As the oil is determined on scale which has been freed from water 
and dirt, the resnlt must be calculated back to the ori^al scale 
containing water and dirt. 

Detorminatum of the Melting (Setting) Point of Solid Paraffin. 

This is to be determined by what is known as the "English" 
test — i.e., a test-tube abont 1 inch in diameter is filled to the depth 
of about 2 inches with the melted paraffin, a small thermometer is 
inserted, and the whole steadily stirred, while the t«at-tube and its 
contents are allowed to cool slowly. The temperature at which the 
Uiermometer remains stationary for a short time is the melting 
(setting) point. 



What is technically known in England as the " melting point" 
of paraffin scale is in reality the solidifying point, and can be ascer- 
tained by method d, Vol. II., part 1, p. 37. 

BovertoQ Redwood'has devised aspecial machine for test- 
ing paraffin scale, and the greater part of that imported from 
America is sold on the results of the assay by Redwood's test. 
The apparatus consists of a press furnished with a gauge for indi- 
cating the pressure applied. The test is, of course, a purely arbi- 
trary one, depending upon (a) temperature, (b) amount of pressure 
applied, (e) length of time during which the pressure is con- 
tinued, and (d) quantity of scale operated upon in relation to the 
diameter of the press-cake. The operation is conducted at 60° F., 
which temperature must be closely adhered to. The quantity of 
scale operated upon is 600 grains, and the pressure is applied for 

'J.S. C. /., 1884, 130. 
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five minDta. The gaoge of the pren indicates from 1 to 10 tmia, 
ud the workiDg preaaure is 9 tons on tfae whole surTace of the press 
cake of 6| inches diameter, equal to about 7 cwt. per square inch. 
The sample ia placed between two circnlar pieces of filter-cloth in a 
turned iron cup into which the ram of the press fits, and a sufficient 
nnmber of circular pieces of filtering paper are placed above and 
beneath the cloth to absorb the ezprened oil. The press cake is 
carefhlly removed from the cloth at the expiration of five miDutea, 
and the loea in weight noted. The proportion of oil in American 
scale usuallj ranges between 1 and 12 per cent. Much depends 
upon the proper drawing and averaging of the samples of scale. A 
good plan is to sample one cask in twenty by taking out a core with 
a sampling iron driven into the centre of the cask, and then mix 
the sample by passing it through a small hand sausage-machine. 

In America the paraffin scale is melted over a water-bath in a 
hemispherical tinned iron or glass dish, 3 or 4 inches in diameter. 
^e dish is then placed on a stand where slow cmoling can taks 
place, in a room at a temperature of about 60° F., and a thermom- 
eter, with a spherical bulb half an inch in diameter, is suspended 
over the centre of the dish so that seven-eighths of the bulb is im- 
mersed in the paraffin. The sur&ce of the melted scale is then 
carefully watched, and the temperature noted at which a " spider " 
extends from the edge of the liquid to the bulb of the thermometer. 
The " spider " or network makes its appearance before there is any 
uniform film over the surface, and is not readily observable unless 
the observer be suitably placed in relation to the source of light. 
Redwood, to whose published papers and private communications 
the author is indebted for much information on the subject of 
petroleum -products, states that the results of the American test are 
from 2'5° to 30° F. higher than those obtained by the English test. 

According to Lewkowitscb,' the German method of determin- 
ing the solidifying point of paraffin-scale is as follows: A small 
beaker, 7 cm. high and 4 cm. in diameter, is filled with water and 
warmed to about 70° C. A piece of the sample large enough to form 
a globule 6 mm. in diameter is dropped on the water. A standard 
thermometer is immersed in the water so that its bulb is entirely 
submerged, and liquid allowed to cool slowly. The temperature at 
which a film is noticed on the paraffin globule is taken as tb« 
solidifying point. 

■ Chcm. AmI. OiU, FaU, and Watt; TBZ. 
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Petroleum Residuvin. 

Id some works the distillation of petroleum is carried to actual 
coking, and in others ao far u to produce a kind of pitch. In other 
cases the process is stopped at an earlier stage, and the " petroleum 
residuum " obtained is separately treated. 

Besides metbanefl and etheues, the reeiduee from American petro- 
leum contain notable quantities of cjclic hydrocarbons, among 
which anthracene, phenanthrene, cbrysene, chrysogeue, and pyrene 
have been recognised, as also a hydrocarbon called thallene. From 
the residue from California petroleum the hydrocarbon picene, 
CuHii, has been isolated. When treated with strong sulphuric acid 
it yields a sulphonic acid, which dissolves in water with fine blue- 
green fluoreecence. 

For the assay of petroleum residues a method may be used 
similar to that employed for the examination of crude shale oil 
(page 39). That is, 500 c.c. should be distilled, the distillate 
washed with acid and soda, and the purified product again distilled, 
when it will yield buming oil, heavy oil conbuning paraffin, and 
"grease" which should be separately cooled and pressed. The oil 
separated from the scale is again treated with acid and soda, when 
it foTvaa finished Ivbricating oil. A sample of residue examined by 
K. Tervet yielded: burning oil, 5*5 ; lubricating oil, 606 ; and 
paraffin Boale, 5*8 per cent 

Petroleum residues often conhun a considerable proportion of 
waUr, which cannot be separated by simply heating the substance. 
The residue should be treated with a large excess of petroleum 
spirit and the water allowed to settle out, &ny gritty maUer being 
separated by filtration. In the United States, petroleum residuum 
is largely used in the preparation of asphalt-paving mixtures. 
(See page 77.) 
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CYCLIC HYDROCARBONS FROM 

COAL-TAR. 

The tar obtuned aa a by-product in the maaufiuture of Ulami- 
nating gas from bituminouB coal vas at one time a source of much 
annoyance to the gas-engineer, since noconvenieDt dUpoeitioo or 
nse of it could be made. At the present day, however, it conati- 
tutee a valuable material, chiefly owing to the iact that it is rich in 
cyclic hydrocarboni, from which a long line of synthetic products 
of great pracUcal value may be produced. Russian petroleum re- 
siduum has also been used as a source of cyclic hydrocarbons, but 
the present indications are that before long the utilization of the 
by-products of coke-ovens will afford the moat economic and abun- 
dant supply of these bodies. 

Tare from various kinds of coal, and even from the same kind 
under varying methods of operating, will obviously diifer in com- 
position, but will always be mixtures of many more or lees analogons 
bodies. A syuopsis of the more important of these is given on 
page 61. The preliminary step in the separation of the different 
constituents is by fractional distillation. The table on the following 
page shows the general character of this distribution as ordinarily 
carried out; more detailed information is given in connection with 
the deacription of the characteristic and important ingredients in 
each fraction. 

The most important constituents of coal-tar may, from the stand- 
poiut of tiie analyst, be arranged In three groups, as derivatives of 
Bemene, Naphthalene, and Anthracene. Each of these fiirma the 
Starting [Kiint of a homologous series, and of an extensive and 
complex series of derivatives. 
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BENZENE AND DERIVATIVES. 

The followiog ia a syDopaJs of the empirical ftud rational formula, 
conveotional and eystematic namea of some of the known members 
of the aeries. Isomerism does not occur in the first two forms: 
EwFiBiciL Batiohil Cqhvbhtiohai. arsTEiriTic 



C.H. 




Benzene 




C,B, 


C,H,CH, 


Tolnene 


Hetbylbeozene. 


c^n„ 


C.H,CH. 




Elhylbenzene. 




C,H,(CH,), 


Xylenes 




c^„ 


C,II.{CH,). 


HeBitylene 


)— 












HemimeUithene 




C.HsCH, 


Camene 


iKpTopylbenieiie. 


C„.H,. 


C,H,(CH,), 


Darene 








iMklurene 






PrehDiteDe 




CH,(CH,)(CH,) Cymene 




C,,H,. 


C,B(CH,). 




PenUmetbylbeDMDe. 


C„H,. 


C.ICH,), 







The homol(^ue8 of benzene prominently occurring in coal-tar 
are bodies in which one or more of the atoms of hydrogen of ben- 
zene are replaced by methyl, CHf Meta- derivatives are more 
abundant than either ortho- or para- derivatives. Higher homo- 
logues than tetra methyl benzene are rare, if occurring at all. 

The membera of the benzene series present very close resem- 
blances both in their physical and chemical characters, and hence, 
with the exceptions specified below, tlie description given of ben- 
zene on page 157 eteeg. may be regarded as of general applica- 
bility to the others. 

Benzene, C(H,. 

This substance was discovered by Faraday in the liquid ob- 
tained by compressing coal-gas, and subsequently prepared by 
Mitscherlicb by distilling calcium benzoate.' The chemistry 
of benzene has become of immense importance, and research has 
been materially aided by tbe general acceptance of KekuIS'a 

'MnnaHelil, & pupil of A. W. HofniBiin, flrat obUiued beaiene in prnotiubls 
qunnliljr rrom oubl-tAr. Ila Ifut biB Life by an u»id«Dt thmt oocurreil vbile pnpftriDg 
k uuiple fur cibibition b[ the Pkiu EipoiitioD of 1S&4. 
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theory of the benzeDe-ring — Damely, that the corboD atoms are 
arranged in a closed chaia, so that six valencies are latent, twelve 
are concerned in forming the chain, and the remaining six are 
saturated hj the hydrogen. Various suggestions have been made 
as to the distribution of the latent valencies, but the subject 
does not need elaborate consideration here. The play of affinities 
cannot be shown without the use of stereochemical formulie. For 
convenience the benzene molecule is represented by a hexagon, 
which, if nnmodified, stands for C«Hc When any sign is attached 
without a connecting line to any angle of the hex^on, it indicates 
that the body represented is substituted for the hydn^n at that 
point. To assist in the nomenclature of the benzene derivativee 
the hexagon is " oriented " — that is, the angles are numbered, the 
figures 1 to 6 being used, arranged in the direction of the figures 
of a clock. 

NO, HO NH, 







When only one hydrogen atom ia replaced in a given molecule 
the position is unimportant, but when more than one is replaced 
isomeric forms are always produced. Many of these have been 
obtMued. When two hydrogen atoms are replaced by the same or 
different radicles, three isomeric forms are possible. Representing 
the substituting radicles by X, the following formulie will show the 
forms and names: 

XXI 

a a Q 



The nDmericsl system 1-2, 1-3, 1-4 is to be preferred to that by 
prefixes, as tbe latter becomes complicated and difficult to under- 
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Btand with th« complex deriTativea. Tha replaoement of three 
hydrogeo atoms by the same Bubataocee also gives rise to three 
foriDB, thuB ; 



CI a CI 



l^lcUorbfiiuciML 

These tri-aubstitution compounds have been called, respectively, 
eomeeiUive or adjacent, aeymmetrical, and ttfmmetrvxd. 

When three hydrogen atomB are substituted by different radicles 
the number of possible isomeric forms is much increased. Further 
details will be ^veu in connection with the description of special 
substances. 

The additive- com pounds are formed not only with chlorine and 
bromine, but also with hydrogen. Benzene beihydride, C«H(H(, 
is isomeric with hexene. The following table shows the specific 
gravity and boiling points of some of the hexhydrides : 



•'"°"- 


69 




8-RCF.o QRAVrv. 




C.H,. 


0760 ato 


C. 


_ 




C,H.. 


97 


0772 „ 




0758 St w>° 


Compared 


C,H„ 


tiS 


0781 „ 




076s at »= 


with 


C,H,. 


135-138 


0790 w „ 






water 


C„H„ 


153-158 


0802 „ 




0788 at li" 


ato-C. 



For this series the term "paraffene" has been suggested, in allusion 
to its analogy to the true paraffins. The parafienes behave in 
many respects like saturated bydrocarbone, being incapable of 
forming additive-compounds, offering great resistance to the action 
of oxidising agents, and, when yielding, splitting up completely, 
with formation of carbon dioxide and water as the chief products. 
They are not acted on in the cold by bromine, fuming sulphuric 
add, nor nitric acid of sp. gr. 1'4; but fuming nitric acid, or a 
mixture of nitric and sulphuric acids, converta them into the 
nitro- derivatives of the benzene hydrocarbons. The paraffenes are 
either isomeric or identical with the naphthenes which have been 
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fouDi] Urge); in Caucasian petroleum, and which are present also 
in American petroleum (see page 60). 

The light oil from coal-tar, known as commercial " benzol," con- 
sists chiefly of a mixture of benzene and its homologues in variable 
proportions. The method of assay is described on page 180 et eeq. 
The characters of benzene and its immediate bomologaes are 
described in separate sections. 

The term benzol is one frequently applied to the hydrocarbon 
benzene, but when used at all it should be strictly limited in its 
application to the mixture of homologous hydrocarbons obtained 
from light coal-tar oil, of which benzene, C«H(, is the most impor- 
tant constituent. 

Benzene is produced by a great number of reactions, and also 
results from the heating of various hydrocarbons and other organic 
bodies. It occurs in certun petroleums. 

In practice, benzene is obtained from the portion of coal-tar 
which distils below 100° C, technically known as "light oils." To . 
prepare pure benzene, the oil is agitated successively with dilute 
sulphuric acid, water, and milk of lime or causae soda solution. 
It is next digested, at 100° C, with 5 per cent, by measure of con- 
centrated sulphuric acid for several hours, in order to separate 
thiophene and the hydrocarbons of the ethene and etbioe series, 
and this treatment is continued as long as fresh quantities of acid 
continue to blacken it. The purified product is then separated and 
fractionally distilled, the portion which passes over below 90° C 
bdng collected separately. This is cooled by a freezing mixture, 
when the benzene crystaltiees out, and is separated from the more 
fusible hydrocarbons by draining on a vacuum-filter. If a pure 
product he required, the benzene is melted and recrystallised several 
times, the mother-liquor being separated as before. 

Pure benzene is a colorless, very limpid, highly refractive liquid, 
of a peculiar and somewhat agreeable odor. When subjected to a 
freezing mixture it solidifies to a brilliant white mass of fern-like 
tufts, which melts at 5'5°, and boils without decomposition at 805°, 
emitting a highly inflammable vapor, which burns with a lumi- 
nous and very smoky flame. Benzene is practically insoluble in, 
though communicating its odor to, water, but is miscible (appar- 
ently in all proportions) with alcohol, pentyl alcohol, ether, chloro- 
form, petroleum spirit, turpentine, absolute phenol and fixed and 
volatile oils. 
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Hot benzene dissolvea sulphur, phosphorus, emd iodtue. It is an 
excellent solreat for gutta-percha and india-rubber, and which are 
left unaltered on evaporation. It also dissolves waxes, fats, and 
fatty acids. 

The following are determiaationB of tbe specific gravity of 
benzene : 



SoDBci or BunEHK. 



'S846 

'86S9 



15 



OmaKVER. 



Nickels. 



Benzene may be heated to 400° C. in a sealed tube without 
change ; but when passed through a tube heated to a bright redness 
it yields hydrogea, together with diphenyl, C„H,:h and other hydro- 
carbons. Benzene is not acted on by distilliDg it with metallic 
sodium. Caustic alkalies have no effect on it. It dissolves entirely 
when heated to 100° C. for some hours with four or five times its 
volume of concentrated sulphuric acid. The resulting liquid con- 
tains ben zeneeul phonic acid, C,HiHSO„ aud is colorless if pare 
benzene be employed. At very high temperatures, or when filming 
sulphuric acid is employed, benzenedieulphonic acids are produced. 
Under the influence of oxidising agents benzene yields a number 
of interegting products, according to the treatment to which it is 
subjected. Thus : 

a. By the action of chromic oxychloride on a solution of benzene 
in glacial acetic acid, trlchloroquiuone, CtHCIjO,, is formed. 

b. By the action of manganese dioxide and concentrated sul- 
phuric acid, benzene yields carbon dioxide, formic acid, and water, 
together with small quantities of benzoic, phthBlic,aDd terephthalic 
acids. 

0. By the action of concentrated nitric acid, benzene is readily 
converted into nitrobenzene, C,HsNO,; and by the contiuned 
action of the acid, especially if hot or mixed with sulphuric acid, 
dinitrobenzene, C,H4(N0,)„ is produced. 

By the action of chlorine or bromine in the dark or difi'used 
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ligbt, benzene ia coDverted into chlorinated or brominated deriva- 
tives, in some caaea five out of the six atoms of hydrogen being 
replaced. In direct aunlight, ohlorine and bromine form additive- 
oompounda with benzene, of vhich benzene hexchloride, C«H,C1,, 
ie a type. Iodine alone baa no action on benzene, but when a 
mixture of benzene with iodine and iodic acid ia heated iodoben- 
zenea are formed. 

By prolonged treatment with hydriodic acid, under high preaaure, 
benzene ia converted into benzene hexhydride, GtHu, a body iao- 
mwic with hexene. 

Sepabatiom akd BEOOQtnnoM of Bekzeme. 

When in a pure state and in tolerable quantity, benzene is readily 
lecognisable by its smell, apecific gravity, and boiling point. The 
chemical testa capable of ready application are few, the most aatis- 
factory being the formation of nitrobenzene with nitric acid, fol- 
lowed by the action of redudng agenta on the nitro- compound, and 
recognition of the aniline ao formed. 

Thia teat ia only applicable to benzene in approximate purity, or 
at least free from certain admixtures. With complex mixtures one 
or all of the following meana must be adopted to separate the 
benzene from interfering bodies ; 

1. The liquid should be agitated with solution of caustic aoda, 
and aeparated from the aqueoua layer. Thia treatment removes 
phenols and other bodies of an acid character. 

2. The purified oily liquid should be aeparated from non-volatile 
matten by diatillation in a amall retort or flask furnished with a 
thermometer and good condensing arrangement. The portion 
paasing over between 66° and 100° C will contain any benzene 
which may be preaeut, and ahould be collected separately and 
treated as follows : 

3. The fraction pasaing over between 65° and lOO** C. ia shaken 
with a small quantity of cold concentrated sulphuric acid, and the 
treatment repeated, if necessary, with auccesaive email portiona of 
acid till no further blackening enanes. Thiophene and members 
of the ethene and ethine seriea are thua removed. If at this point 
the liquid be warmed with excess of concentrated sulphuric acid, 
the acid liquid separated, heated to from 180° to 200° C, and a cur- 
rent of Bteam paaaed through it, all benzene and homologues which 
had dissolved as aulpbonio acids will be recovered nearly pure. 
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4. The purified oil ia separftted from the a<ud and washed bj 
aptatioQ with dilute cauBtio soda BolnUon. 

5. The product of the last operaUon should next be redistilled 
iu an apparatus provided with a dephlegmator, and the fraction 
passing over between 78" and 84° C. collected aeparately, and, if 
thought desirable, again fractionated, the portion distilling between 
60° and 82° being collected separately. The product will consist 
of benzene, probably mixed with more or less of other bodies 
having approximately the same boiling point, those most likely to 
be present being thiophene, carbon disulphide, toluene, and benzene 
hex hydride. 

6. The first of these may be removed by treatment with alum- 
inum chloride (see page 165), and the second by alcoholic potash 
(see page 180), while the remaining bodies may be further sepa- 
rated by again fractionally distilling, and remain liquid on exposure 
to 0° C-, at which temperature benzene solidifies. 

When present in but small proportion in a mixture of volatile 
bodies the foregoing process wholly &ils to isolate the benzene 
present, and in many other cases it is unnecessary to obtain the 
hydrocarbon in a state of absolute purity in order to demonstrate 
its existence. As a rule, it is sufficient to treat the partially puri- 
fied substance resulting from process 4 fornitrobenzene as described 
below. 

The benzene, having been concentrated and obtained more or less 
pure in the manner above described, is next treated with about 
twice its measure of fuming nitric acid of 1*50 specific gravity. 
The operation is conducted in a small flask or retort furnished with 
an inverted condenser. If a vigorous action occur, no extraneous 
heat need be applied; but if the reaction be slu^ish, the liquid 
should be welt agitated and moderately heated for a few minutes. 
The flask is then cooled and the contents transferred to a tapped 
separator. If separation into distinct strata occur, all except the top 
ab-afum' are run ofi", while still warm, through the tap Into a 
quantity of cold water. If this liquid remain clear, no nitroben- 
zene has been formed, and consequently benzene was not present 

* In tha cit» of miituree of patroleum ipirit Bod benieiie, three \t,jen ue formed, 
the uppermoat ooDeietiag of aoftllered panffiDi, tiie middle one of nitrDbeniene, Kod 
the lowut of a aolutiaD of Ditrobenune in nltrio wid. If the proportion of beDHoa 
io the miitare be moderate, the nitro-oampouDd prodnoed reoqRina whollj in loliitiOD 
in the nltrio wid until the Utter i* diluted. 
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In prewnoe of a considerable quantity of benzene, separation of 
yellov, oi)y nitrobenzene will occur at the bottom of tlie water, 
and a marked odor of bitter almonds will be perceived. With 
smaller quantities, the nitrobenzene wil) form a finely divided pre- 
cipitate, which will collect after some hours at the bottom of the 
vessel. The liquid is passed through a wet filter, washed with cold 
water, and the nitrobenzene collected is dissolved by dropping 
alcohol on the filter. The alcoholic solution thus obtained is then 
treated with line and hydrochloric acid, in the manner described 
on page 167, and the resultant aniline detected by bleaching- 
powder. 

For the determination of benzene in complex mixtures, the only 
available method is to separate fixed matters, purify by treating 
with acid and alkali, as already described, then to remove any 
carbon disulphide by alcoholic potash (see page 180 et eeq.), and 
subsequently to carefully fractionate the purified hydrocarbons in 
a bulb-apparatus, as directed. The product may then be converted 
into nitrobenzene as described on pagee 162 and 183, the latter 
body being dissolved in strong sulphuric acid and any residual 
hydrocarbons deducted from the apparent benzene previously 
found. 

For the determination of benzene and its homolc^uea in the 
liquid obtained by compressing the gaseous hydrocarbons obtained 
by subjecting petroleum to a red heat, as in the Pintech system of 
lighting railway carriages, C. G. Williams rejects the portion dis- 
tilliog below 65*5° C, and treats the remainder with its own 
measure of commercial nitric acid, previously diluted with an equal 
bulk of water. On distilling the mixture at 100° C, the benzene and 
its bomologues readily come over, while the olefins are converted 
into compounds, which remain in the still. 



CoHUEBCiAL Benzene. 

The benzene of commerce varies in purity from an article con- 
taining only insignificant proportions of other bodies to the " 90," 
" 50," and " 30 " per cent, benzols of the tar distiller. The com- 
position and methods of assaying these products are described in a 
subsequent section (page 180 et eeq^. Commercial benzol, when 
sold retail, is sometimes entirely replaced by petroleum spirit. 
Shale naphtha may also be substituted. These products are readily 
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diBting:ui8hed from the coal-tar product by the teab deacribed <m 
page 99. 

BenzeDe is now maau&ctured of such purity that from 9fi to 98 per 
cent, will distil within 1° C. of the theoretical boiling point. The 
assay of such products is conducted by more rigid methods than 
those employed for ordinary benzols. Thu«, the distillation is con- 
ducted on 100 C.C., which is fractionated in a &uk with side-tube, 
the bulb of the thermometer being adjusted so as to be just below 
the tubulure. 

In some cases, and in cooformitj with Continental contracts, 
commercial benzene is subjected to the following special tesls : — 
(a) 1 c.c of the sample is agitated with 20 c-c. of pure concen- 
trated sulphuric acid in a small stoppered bottle, and allowed to 
stand some hours. The ooloriBatioQ at the end of this Ume should 
be very slight, never exceeding a pale straw-yellow. (6) 10 c.c of 
the sample is agitated in a stoppered bottle with successive small 
quantities of saturated bromine- water until a yellow tint is obtained, 
which persists fur some minutes. Not more than 0'5 c.c. of bromine- 
water should be required to produce this result. 

For the purpose of determining the available benzene iu a mix- 
ture, G. Lunge > recommends the nilrojicaiion tat, which depends 
on the production of nitrobenzene. He describes it as follows : 100 
c.c. of the sample are placed in a 500 c.c. flask provided with a 
cork carrying two tubes, as shown iu Fig. 7. A mixture of 160 
grm. of nitric acid (sp. gr. 1*4), and 180 to 200 grra. of sulphuric 
acid (sp. gr. 1'84) is prepared and allowed to cool. Portions of 
this mixture are placed in the stoppered tube and allowed to flow 
drop by drop into the benzene, shaking well between each addition. 
If the temperature rises, the flask must be cooled by immersion in 
water. When addition of acid ceases to produce rise of tempera- 
ture, the flask should be heated gently for an hour or two, during 
which time it will be an advantage to connect b with a reflux con- 
deueer. Allow the mixture to settle, and separate the layers by a 
stoppered funnel. Most of the crude nitrobenzene is in the upper 
layer. The lower (acid) layer should be diluted with several times 
its bulk of water and allowed to stand for a few hours. Any oily 
liquid separating should be added to the nitrobenzene. Wash the 
latter with water several times, then with a very dilute solution of 

I " CmI Tm ud Ammonii.," p. 48i. 
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sodiam hydroxide, and ODoe again with water. Care ahould be 
taken that none of the product ib lost in these waahinga. The 
washed nitrobenzeue is then allowed to settle, carefully separated, 
redistilled in a fractionating flask until a temperature of 150° C. 



is reached, and the distillate once more nitrated, using a large 
excess of the acid mixture. Any material remaining uudiasolved 
may be regarded as non-nitrofiable hydrocarbons. 167'S paria of 
nitrobenzene correspond to 100 parts of benzene. 
For teetiag crude benzene by fractional distillation the methods 
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described on page 185 mity be employed. The Frenofa Ch>Tem> 
ment has adapted an apparatus devised by Regoault, vhich is 
shown iu Fig. 8. A is a cylindrical copper retort, of not leas 
than 300 c.c. capacity, connected with a condenser, as ehown. 
Gold water flows in at o. Five glaaa receivers marked in cubic centi- 
meters are provided. 100 c.c. of the sample are placed in the retort, 
and the thermometer fixed so that the bulb does not dip into the 
oil and the mark of 80° C. comes just above the cork. The 
receivers are changed at 100°, 120°, 140°, 160°, and 180° G. 



Thiophene, CH^a. 

This body is present to the extent of 05 per cent, or more in all 
commercial benzene prepared from coal-tar. 

Pure thiophene is a colorless, mobile liquid, boiling at 84° C., 
and having a density of 1'07 at 16° C. It is not miscible with 
water, and is not attacked by alkalies or alkali-mctala. With 
concentrated sulphuric acid it forms a sulphouic acid, and is oxidised 
very rapidly by nitric acid. Mono- and dinitrolhiophene have, 
however, been obtained, and may be present in the best commercial 
nitrobensols. Bromine forma m on obrom thiophene, boiling at 150° 
and having a density of 1652 at 23° ; or by a larger quantity into 
dibromthiophene, G,H,Br3i which is a colorless liquid boiling at 
211° and of 2*147 specific gravity at 23°. In its reactions this 
bo<ly closely resembles thiophene. 

Many of the col or- reactions of commercial benzene and toluene 
are really due to the presence of thiophene. This is true of the 
brown color produced on agitation with strong sulphuric acid, and 
especially the reaction observed by Laubenbeimer. To apply 
this test, a dilute solution of phenanthraquinone in glacial acetic 
acid is treated with a few drops of the liquid to be examined, the 
mixture well cooled, and concentrated sulphuric acid then added 
drop by drop, the resulting solution after a few minutes beiug 
treated with water. A coloring matter separates, which, on agita- 
tion with chloroform, dissolves to a fine green liquid. Another 
highly characteristic reaction is the deep blue indophenin produced 
on ^itating thiophene with iaatin and strong sulphuric acid. 
When the proportion of thiophene is large, a dirty brown is pro- 
duced. If the mixture be warmed, the same reaction is produced 
by many of the derivatives of thiophene, including dibromthio- 



3vGooglc 



pbene, thiophene-Bulphonic acid, C,H,SJB0,H, aud tbiopheDic aai, 
CiH^'COOH. The purple reaction of diaitrobenzeae with alcohol 
and potaasium hydroxide ie due to the preMnce of nitro- or dinitro- 
thiopheoe. 

For the removal of thiophene from beozene, Hatler and 
Michel* employ aluminum chloride. One per cent, is sufficient 
when the sample contaioe but little thiophene ; but when the pro- 
portion is greater, four or five per cent, may be needed. The 
aluminum chloride is agitated with the benzene and then allowed 
to stand, when a viscous, reddish product collects at the bottom. 
The beniene may be distilled oS* at once, or after separation from 
this liquid. 

Estimation of Thit^hene in Benzene.* — 2 c.c. of the sample ore 
placed in a 60 c.c. stoppered flasic with 30 c.c. of methyl alcohol, 
free from acetone, and 10 O.c. of mercuric sulphate solution. The 
flask is closed and the mixture allowed to stand for about twenty 
minutes. An insoluble compound, 2HgO, HgSO,, G.HiS, ia formed, 
and is removed by filtration. 21 c.c. of the filtrate (01 c.c of the 
sample) are placed in a liter flaslt with 360 cc. of water, 15 o.c. of 
ammonium hydroxide BolutioD, 10 c.c decinormal potassium cyanide 
solution, and five or six drops of a 20 per cent solution of potas- 
sium iodide, and the whole well shaken. If not perfectly clear, a 
gentle heat may be applied, and then, after cooling, decinormal 
nlver nitrate is added until a permanent turbidity results. The 
amount of thiophene (x) can be calculated by the formula: 

X =2-8(» — 0-3) ; 

in which n equals the number of cubic centimeten silver nitrate 
solution used. 

Methytihv^hene or thiotolettt, C^HiS, is contained in impure 
toluene, from which it is isolated with difficulty as a colorless 
liquid boiling at 113" C. Dimethylthiophene, or Ihioxme, C«H^, 
is also present in coal-tar naphtha. 

NmtoBENZEME, C(H|NO,. 

Nitrobenzene, sometimes called " nitrobenzol," is a product of 
the action of nitric acid on benzene, CtHi + HN0|=C(H|N0i4' 

iBidLSoe. dkim., 1808, 106b; thn. J. 3. C. /., ISSS, TOS, 
■DtDigtl, Bmll. Sot. CAi'in., 18S6, 1064; kbit Analyt, 1B9B, 197. 
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H,0. The add should not be of lower apecifio gravity tbau 1-46; 
on the large acale it ia employed in admixture with sulphuric 
acid. Great heat ia evolved, and more or less red fumes are pro- 
duced. When the actioD ia over, the product may be poured into 
water, when the nitrobenzene ainka to the bottom as a yellow oil. 

Pure nitrobenzene ia a pale-yellow liquid, having an odor reaem- 
bling thai of the easential oil of bitter almonda or benzaldehyde, 
CiHtO,but differs from that body in many respects besides chemical 
compoeilJon. Ita odor has led to its extensive use as a scenting 
and flavoring agent tinder the name of " Essence of Mirbane." 
It is nearly insoluble in water, but diaaolvea in nitric acid, being 
reprecipitated on diluUon. It ia readily soluble in alcohol, and 
is miaoible in alt proportiona with ether, benzene, and oils, and 
haa great stability, being unaffected by chlorine or bromine even at 
the boiling point, unless iodine or antimonic chloride be simulta- 
neously present. 

Oreat discrepancies are found in tezt-booka as to the pfayaical 
constants of Ditrobeuzene. B. J. Friswell' points out that 
Bchultz (in 1882) gave the specific gravity as 1-2002 at 0° C, and 
1-1866 at 14-4° C, and, later, 1*208 at 15° C. ; while he puu the 
fusion point at 3°. Beilstein givee the aame figures, quoting 
Mitscfaerlich as his authority. 

Witbregard to boiling points, Omelin, quoting Mitscherlioh, 
givee 213° ; Bcbu Itz gives 210°, and, later, 206° to 207° C. ; while 
Beilstein, on the authority of Stadeler, gives 205° at 730 mm. 
Friawell found solid and liquid nitrobenzene to have the specific 
gravity as under, compared with water at 4° C. : 

o C. EFsctric Gkavitt. 

Boiid, 1-5 I 3440 

Liqnld, .38 iiaao 

Liqnid 130 11160 

Liquid, 28-0 l"'93l 

The boiling point (corrected) was 209° C ; the melting and 
solidifying points, 5° C. 

The vapor of nitrobenzene ia distinctly colored, closely resem- 
bling that of chlorine. This ia easily visible in a depth of five 
centimeters, and is strongly marked in a depth of ten oentimeteis. 
When light ia transmitted through the vapor, no bands of absorp- 
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tion are produced in the viaibla Bpectrum. The violet and the blue 
are abaorbed, but less etrongly than with the fluid. 

By trestmeDt with a mixture of eulphuric acid and the stroDgest 
nitric acid, nit rol>eDZ8iie is converted into a mixture of the three 
iBomeric diuitrobeDzenea, C^H,(NOi),. These form pale-yellow 
crjatalfl. 

Nitrobenzene is scarcely affected by aqueous alkalies, even when 
boiling, but is converted by alcoholic potash into a mixture of 
azobenzene, (C,Ht)>Ni, and azoxybenzene, (C(&t^),0. 

Under the influence of reducing agents, e. g., hydrogen sulphide, 
zinc and hydrochloric acid, or acetic acid aud iron fllinga, nitro- 
benzene is converted into aniline, CgHg.HiN, the production of 
which affords one of the moat delicate and characteristic tests for 
Ditrobenzene. The alcoholic solution of the nitrobenzene should be 
mixed with hydrochloric acid and boiled for some time with metal- 
lic zinc. The liquid is next diluted, neutraliaed with cauatio soda, 
and a clear solution of bleaching powder cautiously added. A blue 
or purple coloration, often appearing somewhat slowly, and gradually 
changing to brown, will be produced if aniline, resulting from the 
reduction of nitrobenzene, be present. According to Balls, mag- 
nesium ribbon, with the addition of a few drops of solution of 
platinum chloride, rapidly and completely reduces nitrobenzene in 
alcoholic BoluUon to aniline, giving a solution which can be at once 
decanted and tested with bleaching powder. 

The ibllowing methods of detecting small quantities of nitro- 
benzene are due to Jacquemin. A single drop of nitrobenzene 
dissolved in 20 c.c of alcohol is stated to suffice for all three tests ; 

a. The liquid is treated with zinc and sulphuric acid to reduce 
the nitrobenzene to aniline. The liquid ia treated with excess of 
sodium carbonate and filtered; to the filtrate one drop of carbolic 
acid ia added, and then some sodium hypochlorite, when a brown 
coloration, rapidly changing to blue, due to farmaUon of sodium 
erythrophenate, indicates the presence of nitrobenzene. 

b. The liquid is treated with some lead dioxide. If excess of the 
oxide be used, a rose tint, changing to brown, is developed, but 
otherwise the roee color chaoges to blue. The reaction is said to be 
very delicate. 

e. A crystal of potassium chlorate is added to the liquid, and a 
drop of concentrated sulphuric acid allowed to run down the side 
of the tube, when a violet coloration is produced. 
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Toxicohgieal JD^ieelion of NUrobemene. — The symptoma produced 
by nitrobenzene, when taken either in the liquid or the gaseona 
state, fihow that it is an active poison of a peculiarly insidiouB 
nature. For the moat part its action ia that of a powerful narcotic, 
and,aa a rule, it produces but little local irritation of the atoniach or 
bowela. The first sjmptoma are usually headache and drowsineaa, 
followed by flushing of the face, difficult hreathiiig, irregular pulae, 
dilation of the pupils, more or leaa losa of voluntary power, and 
aometimea convulsions. On attempting to walk, the poisoned per- 
son will sometimes reel ^s if drunk, and the breath will smell of 
nitrobenzene. Theae symptoms are followed by coma, which may 
come OD slowly, but ie more frequently sudden, increasing iu 
intensity until death ensues in five or six hours from the commence- 
ment of the symptoms. When the stage of coma is reached there 
is but little chance of preventing a latal termination of the case. 
On the whole, the symptoms of poisoning by nitrobenzene simulate 
thoae of apoplexy ; but the strong and persistent odor and the in- 
tense salivation it ip apt to produce sufficiently distinguish it from 
the latter affection. 

The vapor may prove injurious even when largely diluted with 
air. 

The pott-morlem appearance of the stomach ia normal, but the 
smell of the poison will usually be perceptible, unless death has 
ensued by inhalation of the vapor. The brain is always congested, 
and the blood everywhere black and thick, but fluid, the heart 
being full of dark, treacly blood. There is usually well-marked and 
long-continued rigidity. In cases of delayed death, nitrobenzene 
may not be found as such on analysis, owing to its reduction to aniline, 
which will be met with in the brain and urine. In many cases a 
distinct color will be observed on the akin, at least in some parts. 

The poisonous effects of nitrobenzene are identical with those of 
aniline, and are most probably dne to the reduction of the nitro- 
benzene to that substance in the body. 

For the detection of nitrobenzene, the portions of the body to be 
examined should be reduced to fragments and acidulated with dilute 
sulphuric acid. The liquid is distilled, and the distillate examined 
from time to time, with the view of detecting the presence of any 
unchanged nitrobenzene. Then treat the contents of the retort with 
rectified spirit of wine, and filter. Precipitate the filtrate with 
excess of basic lead acetate, and again filter. Remove any lead 
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from the liquid by adding a slight excesa of sodium uilpfaate. 
Evaporate the filtered liquid nearly to dryness, and render the 
solution alkaline with sodium carbonate. Then agitate with ether 
to dissolve the aniline, run off tho aqueous liquid, and agitate the 
ethereal solution with a little very dilute sulphuric acid. Separate 
this acid layer, which will contain any aniline as sulphate, concen- 
trate by evaporation at a low temperature, and test for aniline by 
bleachlug powder solution as described on page 167. 

Commercial NiirobenxoL — The products obtained on a large scale 
by the action of nitric acid on commercial benzols (pages lfl2 and 
183) vary in composition with the character of the benzols employed 
in theirmanufacture, but are often exceedingly complex, containing 
simultaneously several isomeric varietiea of the diflerent mono- and 
dinitro-derivatives of the benzene series of hydrocarbons, which 
diminish in volatility and fusibility with the number of atoms of 
carbon or molecules of NO. contained in them. By the action of 
reducing agents the various nitro- compounds yield aniline and other 
bases, the constitution of which depends on that of the nitro-com> 
pounds from which they are derived. Some of these yield coloring 
matters materially differing in shade or brilliancy from those given 
by purer products. 

The presence of hydrocarbons in nitrobeuzol may be detected by 
dissolving 30 c.c. of the sample in 70 c.c of concentrated sulphuric 
acid, in which it ought to be entirely soluble. 

Commercial nitrobenzene and dinitrobenzene commonly contain 
the nitro- derivatives of thiophene. These impurities may be 
detected by dissolving the sample in alcohol, and adding a single 
drop of aqueous potash, when a deep-red solution is obtained, a 
thin layer appearing violet. An excess of alkali deetroye the color, 
but it may be restored by cautious neutralisation. 

The specific gravity of nitrobenzol made from 90 per cent, 
benzene should be 1186, and from 30 to 40 per cent, benzol 
M76 to 1-190. 



Toluene. Methylbenzene, CH. = CHi^GH,. 

Toluene, formerly called "tolnol," — a name which should be 
applied only to the impure commercial substance, — is obtainable by 
varions synthetical methods, is a product of the dry distillation 
of tolu-balsam and many other resins, and is present to a consider- 
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able extent in coal-tar naphtha. It closely resembleB beniene. The 
chief points of difference are: 

1. The odor, which is distinct from that of benzene. 

2. The specific ffraviiy, OSSl at 0°, 0871 at 16° C. 

3. The boiling point, 111° C, is considerably higher than that 
of benzene. 

4. The tolidifying point, toluene remaining liquid even at — 20° 
C, while benzene is solid at 0°. 

By the action of concentrated nitric acid, toluene is converted 
into one or more nitrotoluenee, or dinitrotoluenes ; but when boiled 
with dilute nitric acid it is oxidised with formation of benzoic add 
and other products. Commercial nitrotoluol has a specific gravitj 
of 1167. Pure orthonitrotoluene has a gravity of 1'162, metanitro- 
toluene being 1-168. Paranitrotoluene is solid at ordinary tempera- 
tures. Binitrotoluene is used for deblooming oils. 

When treated with exceea of hot concentrated salphuric acid, 
toluene forma two isomeric toluenesulphonic acids, CtHtHSO). 
On heating the liquid to about 160° C, and passing a current of 
steam, these compounds are decomposed and the toluene distils over 
almost without loss. 

Commercial Tolubme. 

Toluene constitutes the greater part of "60 per cent benzol" 
(page 178), and also occurs to a considerable extent in " 90 per 
cent, benzol." 

Toluene occurs in an approximately pure state in commercial 
"toluol," which is now manufactured on a large scale. When 
fractionated in the manner described ou page 185, commercial 
toluols should give the first drop at 110° to 111°, and 90 per cent, 
of distillate below 120° C. 

An almost pure toluene ia now made commerdally, which distils 
wholly within a degree or two of 110° C. 

Xylenes. Dimethylbenzenes. CH„ = C,H..(CH,)^ 

All three forms of xylene (see page 172) occur in coal-tar; the 

isomeric body, ethylbenzene, C(Ht(C,H(), has also been found by 

some investigators. 
The isomeric xylenes present a close general resemblance to 

benzene and toluene, but are disUnguished by their higher boiling 
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points, lower apedfio gravity, asd the greater fjicility with which 
they are oxidised and are coDverted into sulpbonic acids. 

The different behavior of the isomeric xylenes with reagents 
has some practical interest as affording a means of examining the 
nature of— 

CoHHERCiAL Xtlene or Xtlol, which is now manufactured on 
a considerable scale for the preparation of cumidine (by heating 
the monomethf i-metaxylidine hydrochloride with methyl alcohol) 
and of azo-coloriug matters (scarlets, oranges, &c.). Commercial 
xylene is obtained by the fractional distillation of coal-tar naphtha. 
It varies greatly in purity, giving 90 to 95 per cent, within a range 
of 2° to 6° C. from the first drop over. The distilling pointemay 
range from 136° to 138° C. ; 136° to 140= C; 136° to 142" C; 
138° to 140° C; or 138° to 142° C. according to the stipulations 
of the contract- note. In some cases the contract-note stipulates 
that 90 per cent, of the sample of xylene shall distil within a 
range of 1° C, and this behavior is very strictly enforced, 

Besides varying proportions of the three xylenes, the properties 
of which have already been described, commercial xylol contains 
more or leas of the lower and higher homologuea (methylbenzene, 
1-3-4- and 1-3'6-trimethylbenEenes), together withanotable propor- 
tion of paraffins, and probably ethylbenzene and ethenylbenzene 
and bydrooarbons of other series. The hydrocarbons of the ethene 
and ethine series are not improbably present in the fraction of 
crude naphtha from which commercial xylene ia prepared, but they 
either suffer absorpdon by the sulphuric acid used for the purifica- 
tion, or are thereby polymerised so as to remain in the retort when 
the puri&ed substance is redistilled. Orthoxylene also undergoes 
absorption by the sulphuric acid employed, and hence the refined 
product contains a comparatively small proportion of this hydro- 
carbon, the same reaction having prevented its recognition in coal- 
tar until recently. Thioxene, or dimethylthiophene, CgH^, if 
present, will also be absorbed by treatment with sulphuric acid. 
On the other hand, metaxylene hexbydrides and homologues behave 
in all essential respects like paraffins. 

Of all these constituents of commerdal xylene, the metaxylene is 
the only one of value, even its two isomers being useless. If the 
metaxylene contain even a few units per cent, of orthoxylene, on 
converting it into the nitro- derivative, and this into xylidine, tarry 
matters are formed which are a serious inconvenience in practice. 
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The table od page 172 shows some points of difference between 
the xylenes. The reagents named are prepared as follows: 

Chromic Acid Mixhtre. — A solution of 8 grams of potaseinm 
dichromate in a mixture of 10 grams of sulphuric acid and 90 c.o. 
of water. 

Diiitted NUrie Aoid. — Nitric acid (sp. gr. 1'4), diluted with twice 
its volume of water. 

Nitric ttUphurie Add Mixture. — Equal measures of fuming nitric 
acid (sp. gr. 1*5) and concentrated sulphuric acid are mixed and 
allowed to cool. 

The first two reagenta are applied by boiling the hydrocarbon 
with excess under an inverted condenser for several hours. For 
oxidation of metaxylene a temperature of 150° C. is desirable. 

The nitric -sulphuric acid mixture is used cold, the bydrocarbon 
being gradually added and the product allowed to stand some 
hours. It is then poured into an excess of water, the liquid passed 
through a wet filter, the separated nitro-derivatives recrystallised 
from boiling alcohol and examined under the microscope. 

The following method for the assay of commercial xylene is due 
to J. M. Crafts:' 

A. weighed amount of the sample (10 to 20 grams) is poured on 
2*6 times its weight of concentrated sulphuric acid in a tube of bard 
glass. The depth of the xylene layer in millimeters is noted, tbe 
tube is sealed and heated to 120° C, with occasional violent shaking. 
The tube is allowed to cool, opened, three or four measures of a 
mixture of equal parts of hydrochloric add and water added, 
the mixture shaken well and allowed to stand for an hour at room 
temperature. An insoluble layer of saturated bydrocarboDs is 
formed. This is measured and separated in a separator-funnel, the 
solvent acid returned to tbe tube, which is resealed and heated to 
122° C. for twenty hours. By this treatment 97 per cent, of the 
1-3-xylene forms a layer, which can be measured, and after 
separation distilled and weighed. A small amount of impurity is 
removed by distillation. Tbe 1-2- and 1-4 xylenesulphooic acids 
undergo but little decomposition at 122° C, but at 175° C the 
hydrocarbons are regenerated. If these be diasot ved in three parts of 
concentrated sulphuric acid, the solution cooled, and one part of 
concentrated hydrochloric acid added, 1-4-xyleDeBulphonic acid is 
thrown dowu in crystals, which should be collected on an asbestos 
1 Ooipl. And., 114 (18S2), 1110. Abrt. J. S. C. I., 1B02, M». 
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filter, waahed with concentrated hydrochloric acid uatil the waahinga 
00 longer react with barium chloride, and the precipitate allowed (o 
dry in the air to constant weight. The crystals have the composi- 
tion (CH,SO,H), + 3H,0 ; the weight multiplied by 0*4977 
gives the xylene. For direct estimation of l-Z-xylene, Levin- 
stein' advises the following method : 100 cc. of the sample are 
shaken thoroughly with 120 c.c. cold concentrated sulphuric acid 
until no furUier solution of hydrocarbons occurs. It is best 
to cool the mixture. The 1-2- and l-S-xjlenea are converted 
into sulphonic acids, but the 1-4-xyleoe is unadected and separates 
unchanged. The acid liquid containing the two sulphonic acids 
is then separated, and these converted into th«r calcium and 
then into their sodium salts. On conoentraUng the aolation of the 
latter, sodium I-2-xyIenesulphonate will cryBtallise in la^, flat 
prisms, while the 1-3-salt remains in solution. The mother-liquor 
should he further concentratedj when a second crop of crystals will 
be obuined. Both crops are purified by reaolution and recrystal- 
lieatioD. The indistinct crystals of the 1-S-form are readily 
distinguisheid from the large, well-defined crystals of the 1-2-Balt 
from English crude xylols. That from Scotch products crystallises 
far less readily, probably owing to an admixture of some foreign 
sulphonate. Crystallised sodium 1-2-xylencsulphoiiate contains 
C;H,(CH,),NaSO, + 6H,0. It is dried by pressure between folds 
offi1ter-paper,andthenov«r sulphuric acid, when itcan be weighed, 
if desired. The xylene can be regenerated by adding excess of 
sulpharic acid and distilling in a current of s^m at 120° to 
150° C. 

It might be preferable to saturate the acid liquid with barium 
hydroxide solution, filter from the sulphate, and cryatallUe the sul- 
phonates from the filtrate. Barium 1-2-xylenesulphoQate crystal- 
lises in large, nacreons laminie, requiring 3 parts of boiling water 
or 18 parts of cold water for solution. 

Samples 2 and 5 were analysed independently by the same 
methods by A. Rademacher, with the following results: 
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The folloffing figures were obtMned by Levinstein, but partly 
fay metbode diSbrent from those above described : 



No. 

3 
4 

5 

6 
7 


Obioih or BinFLi. 


S;^c 


I>imi.[.nia 


P-^,.0,0, 


irtaB* 


xr^t. 


"^ 


Pmffli* 


From HAncbMter 
tar, 

Ffom miRlish tar, 

Prom Scoteh t>r, . 

Prom mixed Eag- 
lisfa and Sw-tch 
tws, 

From mixed Eag- 
liah and Scoteh 


0-S639 
0-8660 

0-8&.5 


13^140 
I38-I4< 
134-140 

134-14" 

140-141 
139-141 

14^.43 


4 

IS 

3 

5 
15 


87 
79 

7a 

Si 

S6 
70 


6 

1 


3 

i 

6 
6 






S ] >o 


Pure nietaxylene 
iaolfttod by dilate 
nitric acid, Ac, , 


0-8668 



Coal-tar Naphtha. 

In the first distillation of coal tar two fractions are obtained, 
known respecdvely as "first ligbt oils" and "second light oils." 
Sometimes tbey are not collected separately, in which case the 
fraction is known as " crude naphtha " or " light oil." Good " first 
light oils " or " first runnings " ought, on redistillation, to yield 10 
per cenL below 100° C, and an average of 78 per cent, below 
170° C. On again distilling the fraction collected under 130° G. 
fully 26 per cent, should come over under 100°. "Second light 
oils" should have a density of about 0975. It yields but little 
distillate below 120° C, and about 30 per cent, below 170° C. 

CfiCDE Coal-tar Naphtha is a more or less fiuorescent liquid, 
of a dark cofiee color and disagreeable odor. It has a density of 
0*840 to 0'940, or even higher, and evolves ammonia abundantly on 
distillation. It lean extremely complex product, as will be seen on 
refereokiA to the table on pages 51 and 163. Many or all of the bodies 
boiling below about 220° C. are sometimes present simultaneouBly. 
The spedfic gravity of crude naphthas of London make usually 
ranges between 0-883 and 0*888, and that of Scotch naphthas from 
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0868 to 0'876, but the deoBity ie BometimeB considerably outaide 
these limits. 

Crude naphtha is usually submitted to redietillatioa without 
previous chemical treatment, the resultant products being " once- 
run naphtha " and " last runnings." ' By some distillers an inter- 
mediate product is obtained, termed " medium naphtba." It is 
the fraction of the crude naphtha which on redistillation passes 
over between 160° and 160° C. Benzene can be isolated in small 
quantity even from this fraction by the use of a deplilegmating 
arrangement. 

Omce-bok Naphtha is a fluid of a more or less amber-yellow 
color, and a specific gravity ranging from 0'886 to 0'892. The 
method of assaying once-run naphtha by distillation is descrilied 
on page 185 et seq. 

Before redistilling ouce-ran naphtha on a large scale it is purified 
by treatment with sulphuric acid of 1845 specific gravity. This 
removes the bases, hydrocarbons of the etbene and ethine eeriee, 
and some of the higher bomologues of benzene. A subsequent 
treatment with lime or sodium hydroxide eliminates the phenols and . 
any other bodies of acid character. The oil is then washed with 
water and again distilled. 

Once-run naphtha is the starting point from which the manu- 
facturer derives, by fractional distillation, the following products: 
90 per cent, benzol; 50 and 90 per cent, benzol (called "f^ Ijen- 
zol"); 30 per cent benzol; solvent naphtha; burning naphtha; 
and a further quantity of last runnings. Each of these products 
has distinctive characters by which it is known and recognised 
commercially. In addition, benzene, toluene, and xylene are 
now manufactured on the commercial scale in a condition of 
high purity. 

BuRNiNO Naphtha is a product similar to "last runnings," but 
results from a second distillation. It should have a spedfio gravity 
of 0'880 to 0-887, and should give 20 to 30 per cent, over at 150° C, 
and 90 at 170° C. 

SoLVEMT Naphtha is so called from its wide application as a 
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solvent fur itidU-rubber in the maDuiacture of waterproof articleB. 
It is alao used for washing crude anthracene. It gives from 8 to 
30 per cent, of distillate below 130° Cand about 90 below 160° C. 
The epecifio gravity should not exceed 0'875. Solvent naphtha has 
a complex and variable coinpoaition, but consists chiefly of iaomeric 
xylenes and cumenes, with a notable proportion of paraffins, and 
sometimes several units per cent, of naphthalene, the last constit- 
uent being couMdered very objectionable. Formerly, solvent naph- 
tha comprised the whole of the fraction from the redistillation of 
once-run naphtha passing over above the benzols and below 160° 
C, but when a demand arose for xylene as a separate product, 
much of it was removed, with the result of rendering the residual 
solvent naphtha less suitable for its intended purpose. 

Carbdbretiho Naphtha is a product consisting chiefly of 
xylenes. It is usually specified as giving at least 70 per cent, of 
distillate at 130° C. and 90 at 150° C, the specific gravity ranging 
from 0-850 to 870. 

Commercial Benzoic. In commerce, the term "benzol" is 
applied geoerically to the more volatile portions of redistilled coal- 
tar naphtha. It is a convenient name to indicate this more or less 
complex liquid, consisting chiefly of benzene and its homologues; 
while the use of the term " benzene " should be restricted to the defi- 
nite hydrocarbon of the formula C^H,. 

Commercial benzols consist essentially of mixtures of very vari- 
able proportions of benzene and its homalogues, together with : 
smaller percentages of carbon disulphide ; certain light hydro- 
carbons technically known as "petroleum," and which are incap- 
able of nitrofication, consisting lai^ely of peotene ; thiophene and 
its homologues; traces of water; acetylene, and probably homo- 
logues; and impurities of an indefinite nature. 

The light hydrocarbons diminish the yield of coloring matter 
from the aniline made from the benzols containing them, and, if 
present in considerable proportion, render the process of nitrofica- 
tion irregular and even dangerous. Carbon disulphide is a some- 
what troublesome impurity, and is difficult to get rid of by ordinary 
means. 

The details of the method of efiecting the assay of benzols are 
given on page 180 elaeq. According to the behavior of the sample 
when distilled, it is classed as 90 per cent, benzol, 50 per cent, 
benzol, or 30 per cent, benzol. 
voLJi, PT. n.— 12 
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90 per cent. Benxol is a product of irhich 90 per cent, by volume 
distils before the thermometer rises above 100° C. A good sample 
should not begin to distil vnder 80° C, and should not yield more 
thau 20 to 30 per cent, at 85° C, or much more than 90 per cent, at 
100° C. It should wholly distil below 120° C. An excessive distil- 
late — e.ff., 35 to 40 per cent at 85° C. — indicates a larger proportion 
of carbon disulphide or light hydrocarbons than is desirable. The 
actual percentage composition of a 90 per cent, benzol of good 
quality is about 70 of iKnEene, 24 of toluene (including a little 
xylene), and 4 to 6 of carlwD disulphide and light hydrocarbons. 
The proportion of real benzene may fall as low as 60 or rise as 
high as 76 per cent. 90 per cent, benzol should be oolorlese 
("water-white"), and free from opalescence. 

The specific gravity of English 90 per cent, benzols ranges from 
0-880 to 0-888 at 15-5° C, but the figure is no indication of the 
quality of a sample, owing to the presence of carbon disulphide 
and light hydrocarbons, which, from their high volatility, become 
concentrated ia this class of benzol. Since carbon disulphide has 
a specific gravity of 1-27, and the light hydrocarbons ("petroleum") 
average 0860, the two may in certain proportions exactly compen- 
sate and be without eSfect on the specific gravity of the product. 
WatsoQ Smith examined a 90 per cent, benzol which had a 
specific gravity of 0900, and contained 6 per cent, of carbon disul- 
phide. AAer removing this impurity the specific gravity of the 
benzol fell to OSSO. 

Scotch 90 per cent, benzols contain but little carbou disulphide, 
but a considerable proportion (7 to 8 per cent.) of light hydro- 
carbons ; hence the specific gravity is often as low as 0870 or even 
less. The first 20 per cent, distilled from sach a sample may have 
a density of 0866; while the residual 80 per cent, will be aa dense 
as 0-872. The low density of the first fraction here distinctly indi- 
cates "petroleum," and not carbon disulphide, as the predominant 
impurity. By eliminating the carbon disulphide from 90 per ceut. 
benzol in the manner described on page 180, the anomaly in the 
specific gravity almost disappears, and the interpretation of the 
results of the fractional distillation becomes much simpler. 

SO per eeni. betiiol, often called 60/90 benzol, is a product of 
which 50 per cent, by volume distils over at a temperature not 
exceeding 100° C , and 40 per cent, more (mailing 90 in all) below 
120°C. ItshouldwbollydistilbeIowl30°C. Tbedeosityof English 
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50 per c«Dt. benzol is about 0-878 to 0880, aod of Scotch 0867 to 
0-872. This class of benzol ia nearly free from carbon dieulphide, 
and contains comparatively little of tbe light hydrocarbons, while 
the proportion of toluene aod xylene is, of course, larger than in 90 
per cent, benzol. 60/90 benzol is employed for producing the 
heavy aniline used for preparing roeaniline or magenta. 

In the case of a benzol of intermediate character, the proportions 
of 90 and 50 per cent, benzol to which it corresponds may be 
found by the foUo-ving rule: Deduct 60 from the percentage- 
volume of the sample distilling below 100° C, and multiply the 
difference by 2*5. The product gives the percentage of 90 per 
cent, benzol in the sample, the difference between this and 100 
being the proportion of 50 per cent, benzol. Thus, a benzol giving 
64 per cent, over below 100° C. oorreeponds to a mixture of 86 parts 
of 90 per cent benzol with 65 parts of 50/90 t>enzol ; for : 
64—50 = 14; 14 X 25 = 36 [ aad 100 — 35 = 65. 

For English benzols the rule is accurate to 1 per cent. 

SO per cent, benzol is a product of which 30 per cent, distils 
below 100° C, about 60 per cent, more passing over between 100° 
and 120° C. It consists chiefly of toluene and xylene, with smaller 
proportions of benzene, cumene, &c. The specific gravity should 
be about 0875. 

For the manufacture of aniline-red, magenta, or fuchsine, a 
benzol is required which will yield (by nitrofication and subsequent 
reduction) an aniline oil of which three-fourths distils between 180° 
aud 190° C, and tbe remainder between 190° and 215° C Such 
an aniline oil is producible from a benzol of which three-fourtbs 
passes over between 80° and 100° C.,and the rest between 100° and 
130° C. For the manufacture of methyl-violet, on the contrary, an 
aniline as free as possible from higher homologues is required, and 
this must be made from a benzol which almost wholly distils below 
83° or 84° C. For xylidine-red an anilineoil derived from benzols 
boiling above 115° or 120° C. is required, but it is often found 
preferable to prepare this by fractionating an ordinary aniline oil 
rather than to employ a benzol of specially high boiling point for 
the purpose. Tbe commercially pure xylene and toluene now 
extensively manufactured have, to a great extent, replaced the high- 
boiling " benzols " formerly employed. 

The "Benzol" of the British Pharmacopeia (1898) ia defined as a 
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mixture of about 70 per cent of bcDzeoe and 20 to 30 per cent, of 
toluene, having a specific gravity of from 0880 to 0-888. It should 
begin to distil at 80° C. ; 90 per cent, should pass over below 100° 
0. and should wholly diatil below 120° C. 

Assay op Commercial Benzols and Naphthas. 

The observations of importance in judging of the quality of a 
commercial benzol or naphtha are, in addition to the appearance 
and smell of the sample: its specific gravity; its behavior with 
concentrated sulphuric acid ; the proportion of carbon disulphide; 
the proportion of the light hydrocarbons, technically known as 
"petroleum"; the proportion of nitrofiable hydrocarbons; and its 
behavior on fractional distillation. In the caae of commercial 
xylols, the proportion of metaxylene should be ascertained in the 
manner directed on pages 173 and 174. 

Commercial 90 per cent, benzol should not be diminished in 
volume by more than } per cent, when agitated with 5 per cent, 
by measure of cold concentrated sulphuric acid. For a more 
stringent test, applicable to commercially pure benzene, see page 
162. 

Water, if present in such quantity as to render the sample 
turbid, must be got ri<} of prior to any further process of assay. 
This may be done sufficiently perfectly by passing the liquid 
through a dry filter. A complete elimination of the water may be 
easily effected by agitating the sample with a little recently gently 
ignited plaster of Paris, and filtering. The dehydration is almost 
instantaneous. If a known weight of plaster be employed, and it 
be afterwards washed with a little gasolene, dried at a gentle heat, 
and reweighed, a determinatiou of the amount of the water may be 
readily effected. 

Carbon dintlphide often exists in very sensible quantity in crude ' 
and once-run naphtha, and in 90 per cent, benzol. From the less 
volatile claEsea of benzol it is usually absent. Its presence is im- 
portant only in 90 per cenL benzol. Carbou disulphide may be 
eliminated from benzol, and its amount determined with a near 
approach to accuracy, by the following method devised by K 
Nickels: ' 100 c.c. measure of the sample of benzol (preferably 
dehydrated with plaster of Paris, as above described) is treated 
with a solution of 1 grm. of potassium hydroxide in the smallest 

^Ckem. .Vfw; 4S (1881), 148, !S0 ud 5S (1885) 170. 
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powibU quaotity (mbout 20 cc) of hot absolute alcohol, aod the 
mixture agitated thoroughly. If carbon disulpbide be present, a 
yellow color is usually developed, and the mixture becomes pasty 
from the formation and separation of potassium xanthate in crys- 
tals of a cbaracteristic silky appearance. The mixture is shaken 
at intervals during half an hour, and is then passed through a dry 
filter. Tbe adhering benzol is separated as far as possible from the 
precipitated xantbate by carefully folding the filter and pressing it 
gainst the sides of the funnel by means of a spatula. Tbe filtrate 
is agitated in a cylindrical separator with its own volume of warm 
water, which removes the excess of alcohol and a little dissolved 
xantbate. If the purified benzol is to be submitted to distillation, 
it is preferable to operate on at least 200 cc. of the sample, and 
treat it a second time with the alcoholic solution of potassium 
hydroxide, before treating it with water. The aqueous liquid is 
run o£r, and the benzol again agitated with its own measure of cold 
water, aAer the removal of which it may be dehydrated with 
plaster, and then further examined by fractional distillation. 

The potassium xantbate collected on the filter is washed with a 
little etber, dried at 100° C, and weighed. Preferably, it is dis- 
solved in alcohol, tbe washings from the treated benzol added, and 
the united solution obtained rendered slightly acid with acetic acid. 
On adding a solution of copper sulphate, a brownish precipitate 
of cupric xantbate is formed, rapidly changing to bright yellow 
cuprous xantbate, CuC,Hg(C0)3„ insoluble in water and dilute 
acids. Tbe cuprous xantbate may be collected on a filter, washed, 
ignited in the air, and weighed as CuO; or the cupric oxide may 
be ignited with sulphur in hydrogen, and thus converted into 
cuprous sulphide. The weight of CuO or Cu;5 obtained, divided 
by 0.523, gives that of the carbon disulphide in the sample operated 
upon. 

Instead of weighing the cuprous xantbate, H. Macagno (Cham. 
News, 13 (1866), 138) titrates the acidulated solution of potaBsium 
xantbate with a solution of cupric sulphate containing 12*47 grm. 
of tbe crystallised salt per litre- The end of the reaction is indi- 
cated by the brown color produced when a drop of tbe liquid 
taken out with a glass rod is added to a drop of potassium ferro- 
cyanide solution od a porcelain plate. 1 cc. of the above cupric 
sulphate solution corresponds to 0*0076 grm. of carbon disulpbide.' 

>Mka*gDa'i Sgam, both gnTimetrio uid Tolametrio, oamBpond apptoiimstaljr 
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Holland aud Phillips' have deecribed a procees of determin- 
JDg carbon dUulphide in commercial benzols which is based on the 
reaction : 

CS, + 4NH, = NH^CNS + (NH,),S. 

The procedure is as follows : A piece of combuation-tube about 
13 inches in length is sealed at one end and drawn out into a 
Ainnel at the other. An accurately measured volume of 2 c.c. of 
the sample is introduced, followed by 6 c.c. of a 24 per cent, ferric 
chloride solution and 10 o.c. of strong ammonium hydroxide solution. 
The tube is carefully sealed, well shaken, wrapped in a cloth, aud 
heated iu boiling water for about an hour. It is then cooled, 
opened, and the contents evaporated Just to dryness in a flask. To 
the residue 20 c.c. of fuming nitric acid should be suddenly added, 
and the solution boiled nearly to dryness. A repetition of the 
treatment with nitric acid will be necessary if any sulphur remain 
unoxidlsed. Hydrochloric acid and water are next added, and the 
solution filtered. The filtrate is precipitated by barium chloride, 
when the weight of barium sulphate multiplied by 0'32S gives the 
carbon disulphide in the quantity taken. It is probable that other 
sulphur-compounds (e. g., thiophene) are partially estimated as 
carbon disulphide by this process. 

totheratio Ca:2CSr This ntla Hnuld ba rewiilr iiplicsbia if the raaction resulUd 
in tha formatiun of oupria lanthaU', (CiH|.0.C8.S)iCu ; but u Uie niun pioduot ii 
enprona luith&te, it tolLowg (bat retlui-Cion of tbe oopper oocura, *Dd tbia must be 
aoeomponlad irith oorreapundiag oiidation of a portinD of tba xanthata. According 

(ulphido, but tbia is var; improbnblr. Tha coppar talt of the acid CsHj.O CO.SH ia 
aleo said (0 bo formed, together wilb otbor producU. It in oort^n tbal tbe reaction 
is very complox and reqairet further iDTntigation. ExperlmoDts made b; A. R. 
Tankard have ihown that the ratio Cn: 2CS, ia ruugbly oorroot, whothet tliB deler- 

ruprous aulphido left on igniting tlio precipitiito with aulpbur; provided that the 
oopper aoiulion ia added immi-dintely after aeidulating the zantlnitii aolntion, ainee 
Iho free jtantbic acid deoomposea very rapidly. If tho prooipitaliuo bo oonduclcd in 
alcoholic aolution and tbe precipitate wasbe-l with alcohol, n aubatanco is removed 
which othorwiaa remaina in the precipitate. Oa diluting the filtrate with water, this 
body isthmwa down in a atateof Tcry line diriaion. It appcara lo eon^i^t, ID part at 
least, of aulphur. Ftom tho presenue of tbi^, and probably of othpr impuritiea in tho 
precipitate, th'w should not be directly weighed. If pri-cipitated frmn aqneoua liquida, 
it containa the body above referred to, and if thrown down from aleohallo sulutiou, it 
ia ountsminatei] with polsssinin aulphnte, which micht be removcil by wnsbiug 
with water. Tho prooesa ia nacful, but tbe mults ore not atriotly aeeuiate. — A. U. A. 
'J. 5. C./., 1881, 285. 
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Tbfi teet-aoalysee made by this proceea were very fairly aatiafac- 
tory. HolIaDd and Phillips found the following proportions of 
carhoD disulpbide (c.c. per 100 cc) in commercial benzols: 



90 per cent, beozols rrom Lancsahire tor, . . 


. . 1-62 


1-97 
0-82 
017 

055 


>'93 














" Pare benzols "from retail Bbop«, . . . . 


. . 0-I4 


0-68 



The change in density which results from the elimination of the 
carbon disulphide from a benzol is very noticeable. Thus, in the 
case of a sample which would be conveniently classified as a " light 
90 per cent." there will be an entire removal of the previous 
alliaceous odor ; a diminutiou of density from 0*885 to 0*882 or 
0*880, according to the amount of carbon disulphide which has been 
removed ; and a disappearance of the abnormally large proportion 
of liquid distilling below 65° C, the reduction in this respect being 
from 30 per cent, or more down to 12 per cent. 

The proportion of carbon disulphide eliminated by treatment with 
aleoholic potash has been proved by B. Nickels to be indicated 
with a considerable approach to accuracy by the reduction in the 
specific gravity of the sample, thus : 

I per cent, by volame of carbon disalpbidn raises tbe Kp. gr. bj 00033 
a „ ,1 I. 0-0065 

3 ., I. .. o-oogj 

The Specific gravity of benzol is not readily determined by 
tbe bottle, owing to its high coefficient of expansion. A delicate 
hydrometer may be used, but the Westphal balance is specially 
suitable for such determinations. As the specific gravity of hydro- 
carbons of the benzene series decreases with the increase in the 
number of carbon atoms and the boiling point rises, low volatility 
correaponds with a low specific gravity, though such samples are 
technically called "heavy benzols." 

Instead of determining the light hydrocarbons, it is sometimes of 
interest to ascertain the proportion of true benzene and its homo- 
logues by converting them into nitro- compounds. To effect this, 
J, voD Hohenhausen proceeds in the following manner: A 
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mixture is made at 160 grm. of nitric acid of 1'40 specific gravitj 
with 200 grm. of Hiilpliunc acid of l'S45 specific gravity. When 
quite cold, this ie gradually added through a tapped funnel to 100 
grama of tbe sample of benzol contained in a 500 c.c. flask. The 
liquids are veil mixed by agitating the flask between each addition, 
and cooled if they become warm. When the whole of the add has 
been added and the contents of the flask have become cold, the 
nitrobenzene is separated from the acid, washed several times by 
agitation with a dilute solution of caustic soda, aud Bubsequently 
with water, the latter allowed to separate completely, and the 
nitrobenzol produced weighed. A good quality of benzene should 
not get hot immediately a small portion of the acid b added to it. 
One hundred parts by weight of an English 90 per cent, benzol of fair 
average quality yield not less than 150 parts of well- washed nitro- 
benzene, while some Scotch benzenes do not give more than 135 
parts. The nitrobenzene produced should be further examined by 
fractionally distilling it, when the last 2 {>er cent, in the retort 
should remain liquid after cooling. If 100 c.c. of the nitrobenzol 
be distilled (see page 166), and the first 30 c.c. of distillate be 
treated with 70 c.c. of concentrated sulphuric acid, the nitrobenzene 
and its homologuee will dieaolve in the acid, while all the non- 
nitrofied hydrocarbons will separate. This layer should be again 
treated with the mixture of sulphuric and nitric acids, when the 
presence of previously unchanged benzene will be indicated by a 
rise of temperature. The acid is tapped off, the residual hydro- 
carbons again treated with strong sulphuric acid, and their volume 
observed. 

Fractional Distillation op Benzols and Naphthab. 

A. fractional distillation in some specified manner is a method of 
very general application for the commercial assay of benzols and 
allied products, and, if carefully conducted, and the results inter- 
preted in connection with the speciSc gravity and chemical tests, 
the process affords very satisfactory indications. These indications, 
however, are of a purely arbitrary character, and, unless the pre- 
scribed conditions of manipulation be rigidly adhered to, great dis- 
crepancies result. Thus, the barometric pressure, the rapidity of 
the distillation, the size and shape of the retort, the position of 
the thermometer-bulb, and even its shape and length, are all more 
or less important Actors in the result obtained. On this account 
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it is usual in coDtract-notes to specify minutely the mode in which 
the teat is to be made, and the slightest departure from the pre- 
scribed directions may invalidate the contract. 

Ordinary Betorl Teal. — The following "mode of test" is taken 
verbatim from a. form of contract-Dote largely employed in commer- 
cial benxol transactions: " A quantity of 100 c.c. to be distilled in 
a glass retort of a capacity of 200 c.c; bulb of thermometer to 
be placed i of an inch from bottom of retort ; distillation to be 
made over a naked flame, and at such a speed that the distillate 
shall not pass over in a stream, but as quickSy as it can drop in 
separate particles. Any deficiency in quantity arising from evap> 
oration or other natural causes during the operation to be added to 
the product at each point, and proper allowaoce to be made (if 
necessary) for the observed reading of the barometer." 

The proportion by volume of the sample which passes over below 
and at a given temperature is called the " streogth " of the sample 
at that temperature. For crude naphtha it is usually sufficient to 
note the volume dtatilliiig beloff 120° C. ; in the examination of 
once-rna naphtha, an observation of the volume distilling below 
160° C. is also made; in tbe case of 90 per cent, benzols the vol- 
umes distilled are noted at 84° or 85" C, and again at 100" C; 
while with 50 and 30 per cent, benzols the temperatures noted are 
100° and 120° C. 

The very great majority of parcels of benzol and naphtha sold 
in this couDtry are bought, or are supposed to be bought, on the 
above test; the results obtained by competent operators under- 
standing the teat agree closely, the variations rarely exceeding 1*5 
percent. 

The followiog is the best mode of conducting the ordinary retort- 
test BO as to ensure results which are constant, and which can be 
trusted to be as accurate as the process admits. The instructions 
given apply to the assay of a 90 per cent, benzol. The temperature 
to be observed must, of course, be modified according to tbe con- 
tract-note, or to the nature of the product under treatment: 

100 c.c. of the sample are measured in an accurately graduated 
cylinder, and poured thence into a tubulated retort, of such a size 
as to be capable of containiug 200 c.c or 8 fluid ounces, when placed 
in the ordinary position for distillation. The retort should be pre- 
viously rinsed with some of the sample to be tested, or a little may 
be distilled in it, and the residue carefully drained out. A delicate 
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thermometer u fitted in the tubulure of the retort hj a. cork, bo 
that it may be vertical and the loner end of the bulb be i of an 
inch distance from the bottom of the retort.' The neck of the 
retort ia then inserted into the inner tube of a Liebig condenser, 
and pushed down as &r as it will go. The condenaer should be 
from 15 to 18 inches in length, and well supplied with cold water. 
The neck of the retort ehould not project too far into the coadcDBer; 
if necessary, it should be cut short No cork or other connection is 
necessary between the retort-neck and condenser- tube. Before use, 
the tube of the condenser should be rinsed with a little of the 
sample, and allowed to draio, or some of the benzol may be sprayed 
through it. The graduated cylinder employed for measuring out 
the eample is next placed under the further end of the condenser- 
tube in such a maoDer as to catch all the distillate, while allowing 
it to drop freely. The retort is then heated by the naked flame of 
a Banaen burner.* The flame should be small, about the size and 
shape of a filbert, and when the distillation of the benzol coiamencee, 
must be so regulated tliat the condensed liquid shall &U rapidly in 
distinct drops, not in a trickle or a continuous stream. 

When the distillation ciommences, the flame ia regulated, if necee- 
sary, and the rise of the thermometer carefiilly watched. The 
moment it registers a temperature of 35° C the flame is extin- 
guished. Four or five minutes are allowed for the liquid in the 
condenser to drain into the measuring cylinder, and then the 
volume of the distillate ia carefully read off and recorded. The 
lamp is then relighted and the distillation oontinued till the ther- 
mometer rises to 100° C.,* when the gas is turned off as before, and 

' The thermometer ihaald be U inches long; the bulb BUfficicDtly imM to eniura 
it* remaining wtll iinmsneil in the boiling Ilqnid; the first nmrking or diviiion at 
70° C, nhicb point ehnuld boHolloutor tlio tubnlun of the retort j and tho grula- 
Btirin should bo cntinucd up to TIO" C. in beoiol-tcsting. Initrumenti guaranteed 
to 0.1 degree, and oonstruetnl in (ho inaoDor above dct^iiled. aro now obtiinablo. 

' Tho burner should be fumiahed with an air-regulator working automatically with 
taeb movement of the tap, and should bo tiurroUDded with a ejlindcr to eiolude lur- 
renlj uf air. The lamp ehould bo placed in a deep tin bnsin oontaining Band or aaw. 
Aasl, in order to absorb tho beniol In the event of the retort cracking. 

' It is foond in practice Ihit, if tlio light bo turned out ciactly when the thermom- 
eter registoTB the required temperatnro, the mercury lubsequently rises to an extent 
vorying from i to fully I degrco. Withalittleexporienoo witha thormometor thor&ngn 
of Ibis '' Bfter-risD " will becomo kaowD, and in lubsequenl operations tho tamp should 
be turned out when the mercury is Bs mucli below tbo orltical temper«tare •■ it ia 
cipocted aftervardii to rise about it. Thus, if tba after-rise of ■ thormomeUr ha* 
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the volume of the dUtillate read off, after allowing time for draiu- 
ftge. The residual liquid in the retort is allowed to cool, and ie 
then poured, to the last drop, into the measuring cylinder. A 
deficienoy from the 100 c.c. originally taken will generally be 
observed. Thia is the losa arising "from evaporation or other 
natural causefl," referred to in the contract-note. 

The difference between the collective volume after distiltatiou 
and that of the original sample is to be added to the measure of the 
distillate collected at each temperature, and the corrected volumes 
reported as the " strength " of the benzol examined. 

Thna, if by distilling 100 cc. of a benzol there were obtained 20 
cc. at 85° and 90 c.c. at 100°, and the total liquid mixed afier dis- 
tillation measured 99 c.c, the difference between that and 100 c.c, 
i. e., 1 cc, must be added to the yields at 85° and 100° respectively, 
making the corrected figures 21 per cent at 85° and 91 at 100° C 
Aa a matter of fact, the loes of volume by distillalion ia due far 
more to expulsion of acetylene and other gases than to actual losa 
of benzol. 

In benzol -testing it ia very desirable to observe the barometric 
pressure before making an experiment, and to modify the manipu- 
lation accordingly. A difference of 1 inch in the height of the 
barometer makes a difference of about 1° C. in the boiling point of 
a benzol. Hence, if the barometer registers 29 5 inches instead of 
30 inches, the gas should be extinguished so that the thermometer 
may show a mean temperature of 99*5° instead of 100°. 

The foregoing method of testing benzols ia admittedly crude and 
unscientific, but its indications are well understood ; and for a time 
it Bu£Gced for the technical ezaminatione required. Kow, how- 
ever, that a demand has arisen for practically pure benzene, 
toluene, and xylene, the value of the crude products depends on 
their content of these hydrocarbons, and hence there is need to 
replace the test by others giving abaolute results. 

Modified Retort Test.— A. preferable plan to observing the volume 
of distillate obt^ned at one or two temperaturea only is to note the 
height of the thermometer at every 5 or 10 c.c of liquid which 
passes over. 

Bulb-Tube Teat. — When there is no contract-note to describe, the 

bMD fODDi] to b« 1° C, the gu ihoald bs tornod oat irhen tho initrumcnt ngiitsra 
Sl-i" inatnd of Si", u II *i11 gubaaiueDtly tIh to BbA", ud huioe BS" m&y be con- 
ridered to be the meaa reading. 
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mode of conducting the diBtillation, it is very mucb better to Bub- 
etituteibr theBimple retort a flask fitted with some form of depbleg- 
mator. A very useful arrangemeDt of this kind is that of Le Bel 
and Henninger, which conaiata of a number of bulba, varying 
from two to six, blown upon a tube, which ia fitted by meana of a 
cork to an 8-oz. fiask containing the liquid to be distilled. The 
upper end of the tube is furnished with a tubulure, which can be 
fitted by a cork to a Liebig condenser, and with an orifice into 
which a thermometer can be fitted so as to observe the temperature 
of the vapor which passes over. Each of the bulbs is connected 
with the one below by a small side-tube. In the constriction of 
each bulb is placed a little cup of platinum- or copper-gauze, of 
the size and shape of a email tbimble. These cups are made by 
folding the gauze over the end of a stout glass rod.- The ascending 
vapor condenses in the cups, and thus serves to wash the vapor 
subsequently formed as it bubbles through. When the liquid rises 
to a certain height in each bulb, it runs off* by the side-tube, and 
ultimately finds its way back to the distilling flask, the flame under 
which is so regulated as to keep all the cups full and cause the dis- 
tillate to fall in separate drops. 

In the improved form of deph I egmator, devised byGIynsky, 
the wire-gauze ia replaced by hollow balls of glass, introduced into 
the bulbs during manufacture. 

Hempel substitutes for the more complex apparatus of Hen- 
ninger and Glynsky a long glass tube arranged vertically and 
filled with solid glass beads. This simple arrangement is remark- 
ably efficient. 

By employing a dephlegmating apparatus, greatly improved 
results are obtainable, and a complex liquid may be fractionated at 
one operation into approximately pure constituents. Hence it is 
probable that the present empirical method of testing will ulti- 
mately be entirely superseded by the more rational process.' Almost 
absolutely pure benzene, toluene, and xylene are now articles of 
commerce, being produced on a large scale by a single apparatus 
based on the principle of the bulbed tube ; and it will be necessary 
to ascertain the percentage composition of the benzols used in their 

1 Tha use at a. clsvhtegmatDr In fmotionsting beDiola la nnivenal in QeriDaji Iftbor- 
■.(orics, tubes haviiig aa mBny u twelre bulbs on the lame stem being eometimei 
employed. 1000 o.o. is the quantity nsuallf employed tnr tbis teet, and the dutillatiom 
la conducted in ei«apper vessel. 
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production. Thie U approximatelj posaible by operating nith the 
bulb-appamtus, especially if tbe carbon diaulphide be previouBly 
removed, but it is wholly beyond the powera of the ordinary 



' ThB mnDH«d flgnrsi ue oonnDnuliuted by Hr. 2. Niokela. ColumD A. rcpre- 
untA th« tempenturn reoorded by tha thermomfltor vben tb« original beniol iru dis- 
lilled iD Ml 8-0I. retort la tb« ordLn&ry irs; ; B. gbom th« altentlon produced ig 
rtmorivf ikt carton dituiphide Id tbo mnnuer dewribed on fige ISO; uid C, ibowa 
tbe ruulU obtained wbon the/mnyinf booial vu diitilLsd ia a three-bulbed apparfttoi 
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Wlien tbeorigiD»IuniploA.«Mfr«rt<oiikted in the three- ba1bkpp>ratD)«t4S°C., it 
gsTe oily drops indioMive of carbon diialpbido ; and theae becsnie mors abimduit at 
W C. At T0° C, a per oent. had diatillsd, ud the tbermomcter roio alonoe to 80° C. 
The proceu being atepped at thia point, the oontentH of the fluk wore found te bare 
deoreued in denait; from 0'S34 to 0'8S2, abowing the romoval of a substance heiTier 
than benieDO. That this waa largely carbon diiulphide is proved by the figures in 
coiumD B., tbe complete remoral of tbe impurity reducing the gravity and railing the 
boiling point. When the purified aample B. waa fraotionalcd b; the three-bulb appa- 
ratoa into 20, TO, and 10 percent, portioni, they ahowed a density of 0883, OXS^, and 
0-3T1&, respectlrely. Had earboD dituiphide been preaeut, tbe first fraction xould hare 
been denser instad of lighter than beniene (ip. gr. OSSft). Hence tho first portion 
of tbe dialillale must have contained light hydrocarbons (" petroleum "). By operat- 
ing originally on 300 e.c. of the same aampl«^ removlDg the carbon diiulphide b; 
aloeholio potash, and sereral times repeating the prooesa of fraotionatingvith the three^ 
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If 400 or 500 c.c. of the sample of benzol be carefully pnriGed 
from carbon disulphide by treatment irith alcoholic potash and 
then fractionated with the aid of a 6-bnlb tube, the light hydro- 
carbons can be concentrated in a comparatively small volume 
distilliag between 60° and 70° C. The lightest of these impurities 
have a specific gravity of 0760, and BUoh a product is readily 
obtainable by agfun fractionating that first obtained. B. Nickels 
has pointed out that if 0*760 be takeo as the meaa specific gravity 
of the light hydroearbona, the proportion of these present in com- 
mercial 90 per cent, benzol may be deduced with a considerable 
approach to accuracy from the specific gravity of the sample pre- 
viously purified from carbon disalphide. Thus a mixture of 70 
measures of pure benzene with 30 of pure toluene (which is the 
proportion in which they usually exist in 90 per cent, beozol) has 
a specific gravity of 0'8805, which would therefore be that of the 
sample purified from carbon disulphide if no light hydrocarbons 
were present. Each 1 per cent, of impurity of 0760 specific gravity 
reduces the specific gravity of the mixture by about 00012. Thus 
the synthetic sample described on page 193, containing 8 per cent, 
of light hydrocarbons, had, after removal of the carbon disulphide, 
a specific gravity of 0-8710. (O'OOIS X 8 = 00096; and 0-8805 — 
00096— 08709; or 08710 nearly.) Thiophene is not commonly 
present in benzol in sufficieat proportion to aflect the figures 
obtained as above ; but if existing in quantity, as in some carhoui- 
sation benzols, it can be separated by plating the purified sample 
with one-tenth of its measure of strong sulphuric acid before pro- 
ceeding to fractionate. 

The assay of ervde naphtha by distillation is not infrequently 
limited to a determination of the volume- percentage obtained at a 
temperature not exceeding 120° C, the operation being conducted 
in an ordinary retort (page 185). The proportion of distillate 

bulh ftppuatni, Mink o I* obtained the fbl loir ing reaalU u lodlMtire of the prnxiinele 
•onljeis of tba beniol trated ; 

Ci]ix>n dlflulpblde, remofed hj aJcobollo potaah, . . . ^ ^ . - . ^ . , t'5 i*r cent. 
IJght bydnxnrbonii, «p, f^. o'S6a(iat>reor ltiunoD-i]ltroflible;probib]j 1 . „ 

chieSf peDleae*Dd(ccUiii[tri]e), 1 ^' 

fitnieiie, tpetABe p*rltj o-SBj, and diitilUng wbotir within ■ nngg or 1 

a degrvosi ...... J " 

Toluai*,ip«alflsinTltr o'B;is.Bnddlitlll]ngvllbln3degr«a, .... i6« „ 
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usualljr ranges from 16 to S6 per cent, Bcoording b> the quality of 
the naphtha under examination. J. von Hohenhausen gives 
the fi>]lowing data u repreaeating the diatilling points of certain 
typical crude coal-tar naphthas : 
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Once run naphtha may be similarly assayed. It usually yields 
from 40 to 60 per cent, of distillate below 120° C when examined 
by the retort-method,' and an additional 32 to 36 per cent, be- 
tween 120° and 160° C. These products, when mixed and redis- 
tilled, should yield from 19 to 26 per cent, over at 100° C. For 
technical purposes the results thus obtained are often sufficient, and 
their interpretatiou is well understood. Loodoo makes generally 
give a good yield of 90 per cent, bensol, while Midland products 
are preferable for 60-^90 benzols. The results obtained by frao- 
tioually distilling a sample of very good once-run naphtha are 
given on page 192. 

A careful inspection of these reaults shows that crude London 
naphthas give a low yield by the retort method at 120°, as com- 
pared with the yield by the bulb-tube at 100° ; while country naph- 
thas give a yield at 120°, by the retort, not much less than, and 
often considerably exceeding, the yield by the hulb-tube at 100°. 

Crude naphthas of London make (e. g., giving by retort method 
17 per cent, at 100° and 35 at 120°) generally give a good yield of 
90 per cent, benzol ; on the other hand. Midland makes (e-y., giv- 
ing by retort 10 per cent, at 100" and 48 at 120°) are better for 
50/90 benzols. 

The following figures, communicated by B. Nickels, show the 

' A Mmple of gsDnioe ODOS-niD nsphtb* fielding bd per sent, arer at 120°, when 
dMllled Id a retort tit t, nte of ISO drupa per minnta, ■honld alio ^ield 50 per oent 
<nat below 100° when diitilJed with ■ bulb-tube aX n nte of 100 dropa per minute. 
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comparative behavior of typical Bsmples of crude aod ODce~run 
naphthas when distilled in aa ordinary retort and in a flask fur- 
nished with a bulb-tube. The test may be made on lOO c.c. : 
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G. £. Davis 1 recommends the following method for the 
valuation of crude coal-tar napbthas: 200 c.c. of the sample toe 
well agitated for five minutes with 20 c.c. of strong sulphilric 
acid in a stoppered funnel of 300 cc. capacity. The mixture is 
allowed to stand until the acid separates ; this is run'carefully so 
that no naphtha is loet. In some cases it is preferable to use two 
washings with eucceasive portions of 10 c.c. of acid each. In either 
case the naphtha, after drawing off the acid aa &r as possible, is 
washed with two portions of water (30 cc. each), then 30 c.c of five 
per cent, sodium hydroxide solution added, and the naphtha again 
washed with water. The volume of residual naphtha is measured, 
and after separating it from the washing liquid it is ready for dis- 
tillation. Davis recommends a 200 c.c. flask with a thermometer 
and a Le Bel-Henninger or Glinsky fractionating tube, con* 
nected with a Liebig condenser delivering into a graduated jar. 
It is obvious that other standard fractionating apparatus may be 
employed. The distilladon should proceed so that a drop falls 
every two seconds, and be continued until the thermometer reaches 

' J. S. a I., I88S, 647. 
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120° C, wheD the receiver is changed and the dutillata up to 170° 
G. collected. Tbe first distillate consists almost wholly of beDzene 
aod toluene, the second portion is " solvent naphtha," the residuum 
"creasote oil." 

The siinultaDeoas presence of variable and unknown proportions 
of carbon disulphide and light hydrocarbons in benzol often com- 
pletelj maaks the results of the fractional distillation, and hence 
B. Nickels strongly recommends that the fracdonatioD should be 
conducted on a portion of the sample from which the carbon di- 
sulphide has been previously removed by treatment with alcoholic 
potash in the manner described on page 180. The proportion of 
carbon disulphide present can be determined by the xonthate formed, 
or may be deduced from the alteration in the specific gravity of the 
sample. B. Nickels prepared a mixture of the following compo- 
sition, and subjected portions to fractional distillation with and 
withnnt previous removal of carbon disulphide: 

Pare benzene, . . . ap, gr. o'SSs, 63 per cent, by meaaaTO. 
Pure toineDe, . . sp. gr. 0-371, ^7 >, n 

Light li7drocarboin, sp. gr. 0760, S „ „ 

Ckrbondiaalphide, . sp. gr. 137, z „ ,, 



Columns A. and B. show tbe results thus obtMued. Column C. 
shows the behavior of a mixture of 70 measures of pure benzene 
with 30 of pure toluene, or, in other words, the mixture without 
either carbon disulphide or light hydrocarbons : 
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These reeulte are very ingtructWe when compared with the 
figures on page 192, obtfuoed by B. Nickels from the fractiona- 
tioD of representative commercial samples of different claaaea of 
benzols and naphthas. It is interesting to observe the characters 
of the Scotch 90 per cent, benzol, which exhibits an abnormally low 
specific gravity owing to the presence of a notable proportion of 
light hydrocarbons. 

From the results yielded by the distillation of the synthetical 
sample after removal of carbon disulphide (column B.) there is no 
indication of the presence of 8 per cent, of light hydrocarbons, 
though the low specific gravity of the sample would point to their 
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presence. This character is disguised in the unpurified sample by 
the presence of the carbon disulphide. As stated on page 178, a 
good 90 per cent, benzol should not beg:in to distil below 80° C, 
and should not yield more than 20 to SO per cent, of distillate 
below 85° C. The distilling point is now aeldom below 85° C, and 
many 90 per cent, benzols are now rectified so as to give the first 
drop over at 83° to 84° C, and the disposition is to go still further, 
t. e., to 85° C This has not been done voluntarily by the manu- 
facturer, but to meet the demands of continental buyers. 
J. von Hobenhausen gives the following data as typical of 
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an 8-oz. retort : 
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distillation in 
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6. Luoge (^Treaiueon Coal Tar, <(»., page 290) gives the follow- 
ing figures as his own experience of the behavior of commercial 
benzol and coal-tar naphthas when distilled from a fractionating 
flask with side-tube, the thermometer- bnlb being just immersed in 
the liquid at the commencement of the distillation : 
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A good knowledge of the composition of crude naphtha maj he 
obtained by distilling 600 cc. in a retort and collecting the distil- 
late ID two portions. The fraction passing over below 160" repre- 
sents the yield of vncemn naphtha, and that distilling between 
160° and 180° C the yield of medium, naphtha. These distillates 
may then be further fractionated by means of a bulb-tube. The 
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fraction of onoe-ruu naphtha which on i^iatillatioo with a bulb- 
tube passes over below 100° repreflents 90 per cenL beruol; from 
100° to 120°, toluol, commencing to dietil at 108° to 110°, and giv- 
ing 88 to 90 per ceot over at 120° ; and from 120' to 160°, tolveni 
naphtha. The use of the bulb-tube for fractionating naphthas has 
uow become general. The indications obtained when once-run 
naphthas are assayed in the laboratory b; this method agree &irly 
well with the actual yields given on a practical scale, at any rate 
for 90 per cent, benzol and toluol, the det^rminatioD of solvent 
naphtha being but rough. The following are results actually 
obtained : 

LaboraU/ry. 
Diatlllate below loo° C. =^ 30 per cent. 

„ between 100= and 110°= 15 ,, 

„ „ 110° and 160"^ 20 ,, 

Worlct. 

90 p«r cent. b«nsol ==31 to 33 pel cent 

„ toluol =14 to 16 ,, 

Solvent naphtba = iz to 15 „ 

The foregoing test may be satisfactorily made oa 100 c.c of the 
once-run naphtha, but it is preferable to operate on such a quantity 
ae will yield at least 100 c.c. of distillate below 100°, so that this 
fraction can be proved by a subsequent test to have the actual 
characters of a 90 per cent, benzol. A rule is ^ven on page 179 
by which the proportion of 90 per cent, benzol in a higher boiling 
product can be deduced. 

If a fractionating bulb-tube be not at hand, an assay of crude 
naphtha for the yield of 90 per cent, benzol can still be made 
tolerably satisfactorily by the following process : — Distil 600 c.c. of 
the sample in a glass retort, and collect separately the portion 
passing over below 180° C. This fraction, representing once-run 
naphiha, is then redistilled up to 120°, and the distillate again 
distilled op to 105" C, when the fraction which passes over below 
this temperature should have the characters of "90 per cent, 
benzol." This, however, should be proved to be the case, when 
the measure obtained indicates the yield from 600 c.c of the crude 
naphtha. If once- run naphtha is to be examined, the first distilla- 
tion up to 180° C should be omitted. 

For the deUelion of benzene in petroleum epirit and vice vend 
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Holde' nUlisee the diSereoce of aolveat ftoUon of th« two liquids 
upon a Bpecially prepared asphalt. This is obtained by extracting a 
Syrian asphalt with petroleum spirit of the highest obtainable gravity 
until only a faint yellow is imparted to the eolvent. This operation 
oau be convenieDtly carried on in the usual continuous- extraction 
apparatus. A little of the extracted material is placed in a filter, 
aud some of the liquid to be tested poured on it. The presence of 
Dot lees than 6 per cent of benzene in a light petroleum of ep. gr. 
from 0'64 to 0'70, or of not less than 10 per cent, in a light petro- 
leum boiling below 35° 0. is shown by a color imparted to the fluid. 
Conversely, any considerable amount of petroleum spirit may be 
detected in benzene (see page 9S). 

For the quantitative separation of benzenes from petroleum spirit 
Henriques' employs the following process: 5 c.c. of the sample 
are introduced into a 25 c.c. glass-stoppered cylinder graduated to 
0'2 G.C, mixed with 10 cc of sulphuric acid, to which 1 grm. 
(6 per cent.) of sulphuric anhydride has been added and shaken 
nntil no more of the sample is dissolved. The benzenes are sul- 
pbonated and dissolved by the acid, while the petroleum products 
are but little affected and float on the acid mixture. 



NAPHTHAI^ENE AND ITS DERIVATIVES. 

Among the products of the dry distillation of organic substances 
certain closely-associated bodies occur, of which naphthalene 
itself is the beet known and most characteristic, but homotoguee 
and additive hydrogen compounds are also present. 

Naphthalene. Naphth&lin. CmH^ 

Naphthalene is present most abundantly in products reeuldng 
from destructive distillation of organic bodies at a high temperature. 
Hence it occurs lai^ely in the tar produced in the distillatioa of 
coal for tbe manufacture of illuminating gas, the usual proportion 
being 5 to 10 per cent. It is said to be wholly abeeot from the 
products of tbe disdllation of bituminous shale when conducted in 
the ordinary manner, being in this product replaced by paraffin. 

Pure naphthalena, obtained by sublimation, or by the cooling of 
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itB boiling saturated solutionfl, forms in colorleas rhombic plates of 
nlvery luetre. It possesses a characteristic odor, which may be 
overcome by the addition of a small proportion of oil of bergamot. 
Its taste is biting and somewhat aromatic It melts at 79° C, and 
boils at 216° to 218° C, but evaporates copiously with the vapor of 
boiling water, and volatilises sensibly even at ordinary temperatures. 
It inflames easily, and burns with a luminous but smoky flame. 

Solid naphthalene has a specific gravity of 1*158. In a moltea 
state, at 79*2° C, its specific gravity is 0'978. Melted Dapbthalene 
dissolves sulphur, phosphorus, iodine, indigo, &c. 

Naphthalene is insoluble in cold, and but faintly soluble in hot 
water, insoluble in alkaline or dilute acid liquids, but dissolves 
readily in alcohol, wood-spirit, ether, chloroform, carbon disulphide, 
benzene, petroleum spirit, and fixed and volatile oils. It is also 
slightly soluble in concentrated acetic acid, and readily in phenol 
and the oresols. 

Naphthalene is assumed to consist of two symmetrically com- 
bined benzene nuclei. A study of its derivatives has shown that 
the BubstitutioQ of even a single atom of hydrogen gives rise to two 
isomeric forms; these are distinguished by the letters a and fi. 
The complete ring-symbol for naphthalene is — 



Each of the positioas designated by the same letter is of equal 
value when but one hydrogen atom is substituted. The derivatives 
ore formulated by the system employed in the case of benzene. 

The symbol I stands for CioH,; substitutions are indi- 



■CO' 

he affixing pro| 
subetitutioD is a 

00 ca CO 



cated by the affixing proper formula to the point in the ring at 
which the substitution is assumed to exist — 



s-chlor-utphUialaie. |9-ch]or-iiM>btbilen«. a'S'^Alor-Dipbtluleos 
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The infereDCM as to the number of isomerides are fully borne 
out hy reeearcb. Tbe relation and number of the a- snd fS-posi- 
tiouB have also been amply demonatrated, but it is not neceaaery to 
enter into theee questions further in this work. 

Nitricacid converts naphthalene into nitrooaphthalene,CMH,N'Ot, 
or dinitronaphthalene, CidH((NOi)i, according to tbe strength of the 
add employed. 

Chromio aoid and certain other ozidiung agents convert napb- 
thalene into napbtbalqniuone, GuHgOi, which by further treatment 
is converted into phthalic acid, CgH«0,. 

Concentrated sulphuric acid converts naphthalene into isomeric 
naphtbaleueflulphonio acids, the exact natures of which vary with 
the temperature and proportions of materials employed. They serve 
for tbe preparadon of the corresponding naphthols, CwH,OH 
(page 201). 

Chlorine and bromine act on naphthalene with formation of 
various cbloro- and bromo-substitution-produots. 

For tbe dtiaAion of naphthalene, the substance should be dis- 
tilled, and the fraction passing over between 210° and 226° C. 
treated with faming nitric acid, the product poured into water, and 
tbe precipitate washed and heated with a boiling solution of equal 
parts of potassium hydroxide and sulphide; a purple coloration will 
be produced if naphthalene were present. 

COHHESCIAL KaPHTBALEKE. 

Naphthalene is contained largely in the less volatile portions of 
coal-tar naphtha, in the crude carbolic acid and " creosote oils" 
which subsequently distil, and in the semi-fluid "anthracene oils" 
obtained at a still higher temperature. It is said to be wholly 
absent from the products of the distillation of bituminous shale. 
By cooling the portion of the coal-tar distillate which passes over 
about 200" C, naphthalene is frequently deposited in such quan- 
tities as to render the product semi-solid. It may be separated by 
prenure from the liquid oils, and purified by heating strongly with 
5 to 10 per cent, of concentrated sulphuric acid, washing thoroughly 
with water, and subliming the product. 

Naphthalene is now prepared commercially of high purity, as 
colorless crystals which distil wholly within a very few d^rees of 
the boiling point of pure naphthalene, and giving no pink color 
with sulphuric acid. Besides this nearly pure product, which. 
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ffheo remelted and cast into moulds, is employed in " albocarbon " 
lamps, and (under the name " coal-tar camphor ") for protecting 
furs and woolens from moths, naphthalene occurs in commerce as 
an impure, coarsely crystalline substance of rank odor, technically 
knofm as crude naphthalene or " naphthalene salts. " 

The methods of testing naphthalene " salts " are of a very umple 
character, the following being those most commonly employed : — 
25 grm. weight of the sample is wrapped up in several layers 
of coarse filter-paper, so as to form a fiat, thin cake. This is 
placed between two iron plates and strongly pressed in a vice, as 
long as any oil is expressed. The usual proportion of oil eliminated 
varies from 6 to 16 and occasionally to 20 per cent, of the sample ; 
but 13 per cent, is the maximum proportion which should be 
present. 

The "salts" freed from oil in the above-described manner may 
then be further examined by distilling 10 grm. in a small retort 
as described on page 185. A good sample of pressed salts should 
give nothing over below 210°, and should yield 90 per cent, of dis- 
tillate before the temperature of the contents of the retort rises 
above 225° C. 

The sublimed naphthalene of commerce contwns from 70 to 99 
per cent, of the pure substance. The finer qualiUee form colorless 
crystals, but the inferior grades have a fawn or brown color. A good 
test for the purity of sublimed naphthalene is to warm the sample 
in a test-tube with a little pure coucentrated sulphuric acid. Pure 
naphthalene produces a colorless solution, but a decided pinkish 
tint is observed if as little as 1 per cent, of impurity is present 
Tbe coloration becomes deeper pink, or even brown, with a 
greater proportion of foreign matters. 



Naphthalene Oils. 

This name, as also that of " creosote oil," is applied to the frac- 
tion of coal-t&r distilling between 200° and 280° or 300° C Its 
composition is very imperfectly understood, but besides phenols 
and phenolo'id bodies, and a variety of bases, it is apparently 
largely composed of naphthalene and certain hydrides and homo- 
logues of that body, tbe following of which have been described m 
being present. 

Napstsalene Diqydride, CidHiHi, is a viscid liquid of strong, 
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disaf^eeable smell, boiling at 200° to 210° G. It is powerfullr acted 
on by bromine, and is soluble in cold fuming nitric acid. 

Naphthalene TfrrBABYDBiDE, C,aH,H„ resemblee the difay- 
dride, but boils at 190° C. 

a- and fi- Methylnaphthalene, Cii>H,CH„ occur in the frac- 
tion of coal-tar distilling between 220° and 270°. At the ordiDary 
temperature the a-variety forms a colorless liquid of blue fluo- 
rescence and pleasant aromatic odor. It has a density of 1*0042 at 
22° C, distils in a current of open steam, and crystallises at — 18° to 
a bard maas. a-metbylnapbthalene is miscible in all proportions 
with alcohol, ether, glacial acetic acid, carbon disulphide, and ben- 
zeoe. It is readily attacked by oxidising agents. A-methylnapfatlia- 
lene crystallises like naphthalene in large irhite plates, melts at 
32-6°, and boils at 141-142° C. 

DtHETHYLNAPHTHALENES, CioHa(CH,)„ According to E m m e r t 
and Rein gru be r,' the fraction of coal-tar boiling between 252° and 
270° — after removing basic, oxygenated, and crystal lisable bodies — 
apparently consists of a mixture of several isomeric dimethylnaph- 
thalenes, the separation of which has hitherto proved unmanageable. 
These bodies are said to constitute the major portion of coal-tar 
creosote oils. 

Tbe assay of naphthalene oils is described in the section on 
" Creosote Oils." 

Naphthols. Naphthyl Alcohols. Hydroxynaphthateoee. 
CH,OH. 

00 00" 

B-DipbUioL ;B-oapbUio], 

By the action of concentrated sulphuric acid, naphthalene yields 
two isomeric sulphonic acids of the formula C»H,SOiH. At mod- 
erate temperatures (e.y., 80° to 100° C.) the a-modification is the 
chief product, but at 160-170° C. jJ-naphthalenemonosul phonic 
acid predominates. On diluting the solution with water, saturating 
it with lead carbonate, and filtering from the insoluble lead sulphate 
and excess of lead carbonate, the lead salts of the two sulphonic 
acids are obtained in solution. They may be separated by concen- 

^AnnaUn, Ul <188S), 305. 
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tration and crystal liaatioD, lead a d aphtha) enesulpboDato fonniog 
shining laminse soluble in 27 parU of cold water or II of alcohol, 
while the P derivative crystalliBes in aoalea or crusts which require 
115 parts of cold water or 305 of alcohol for eolution. When 
either of these lead salta isfused with excess of caustic potash, asub- 
etitutioD of OH for SOgH occurs, with formation of the variety of 
naphthol corresponding to the sulphonate employed. On dissolving 
the fused mafls in water, and treaUng the filtered solution with 
hydrochloric acid, the naphthol is precipitated, and may be puri- 
fied by crystallisation from hot water, followed by sublimation. 

I. Levinstein' has patented a process for manufacture of the 
naphthola by beating naphthalenesul phonic acids with sodium hy- 
droxide very gradually until the mixture forms two layers. The 
upper, consisting of sodium naphtholate, is decanted and decom- 
posed by acid. 

o-Xapbthol may be obtained by heating a-amidonaphthalene sul- 
phate to 200° C. with five times lis weight of water. The naphthol 
separates as a cake when the mass is cooled, and may be purified by 
redJBtillation.* It is not stated whether ^-naphthol can be obtained 
by the analogous method. 

The isomeric naphthols have been isolated by Schulse from 
the " green oils " left after the filtration of the anthracene &om a 
high-boiling fraction of ooal-tar.* They closely resemble phenol 
in their general chemical properties, and bear to naphthalene 
the same relation that phenol bears to benzene. They are color- 
less, crystalline bodies, melting and distilling unchanged. They 
are sparingly soluble in hot and nearly insoluble in cold water, but 
dissolve readily in alcohol, ether, chloroform, and benzene; alio in 
solutions of caustic alkalies, forming with these unstable compounds 
which are decomposed when the solutions are evaporated. By 
the action of carbon dioxide on their sodium-derivatives, the sodium 
salts of hydroxy -acids are formed, in a manner analogous to the pro- 
duction of salicylic acid from phenol. 

On warmiug with concentrated sulphuric acid, the naphthols are 
dissolved and converted iutosulphonic acids, C,(|H((0H)S0]H. Both 
the naphthols yield interesting nitro-derivatives, but these are more 
conveniently prepared by indirect methods (see Vol. Ill, Part 1). 

' Eag. Pit. 2300, 1SS3 ; alio J. S. C. I., 18SS, ITS. 
)Kng. PaL liiiOl, 1892; also J. S. C. I., 1883, Vti. 
' AfHalto, 887(1835), 143. 
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The analytica] examination of the naphtbole hafl become of im- 
portance in view of their value aa anti«eptica, di^iufectanta, and 
therapeutic agents. jJ-naphthol ie now almoet ezcluaively used, 
being regarded as the less toxic form. It ie now readily obt^nable 
in a high degree of purity. Many tests have been devised for dis- 
Unguishing between the two naphthols and for detecting one in the 
presence of the other. The following table summarises the more 
trustworthy of these : 





^N.r™». 


^NiPHTHOL. 


Odor. 


Faint, iteembling 
phenol. 


Almost odorless. 


CrjBtalline Ibrm. 




Rhombic plates. 


Melting point, - C. ' 


94 


122 


Boiling point, 'a 


1S6. Beadity dU- 
tilH with open 
steam. 


286. Scarcely dis- 
tils with open 
steam. 


Effect of ligbt. 




Darkens but little. 


Ferric chloride Id aqneons solntion. 


Red, tnmiug 'to 
violet. ^ 


Pale green. 


Bleai^hing powder in aqneons ao- 
iation. 


Dark violet, cbang- 
ing to reddish- 
brown. 


Pale yeUow. 


O'l gnn. of sample, idrop of strong 
BoIntioD of sncroee, 5 c.c. of water 

strong snlphnric add (U. S. P. 

test). 


Crimson ring at 
contact line, snb- 
sequentlj tam- 
ing deep bine in 
npperpart. 


Yellowish brown at 
contact line. 


acid, 0-5 Kim. |acelicacid[3oper 
ceDt],l5oc.c.). Freshly prepared, 
very dilnte eoluUon of sodinm ni- 
trit«, a few drops added at time 
of making test. Tbe colore de- 
Tetep Blowly. 


Orange red. 


Yellow. 


AfewiIropeofaaoIatioDof t grm. 

grm. of nitric acid in 100 c.c. of 
distilled water, added to a eola- 
tion of the sampIeiiiwateroiTery 
dilate alcohol. 


Black precipitaU. 


Ho predpitato. 
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The mzivreacdoD iadelieite,BlM>«iiigdiepi^«BeBofO-l per ecnL 
of a-o*pbthoL Id tli« medietnal and saniurr naea of ^naphtbol m 
small s percentage ia profaatbij wiUiout Bignificance. The color 
teeta become more delicate and poBidve if compariaons are made 
with nmplee of pare )S-naphthoL 

The V. 8. Pbamucopeia reqnirea that ^naphtlwl shall dinolre 
ID 50 parU of ammontam hydroxide aolution (sp^ gr. 0'960) (prov- 
ing absence of napbthalene), and the solation should not hare a 
deeper ^iit than pale yellow. 

HylronaphOiol. — Under this name a preparation, said to be ob- 
t^ntd from ^ iiaphthol, has been exploited as saperi<v to either of 
the naphthols. The process of manafacture has not been made 
known. Merck states that the substance is an impure j!-naphthoI. 

For the quaotitative estimation of a naphtbol in pre^nce of 
large proportions of j9-naphthoI, J. Prochazka and H. K. Her- 
man' have derived the following process, depending on the greater 
facility with wbich a-naphthol combines with diazo-bodies : 

27'5 grm. of 90 per cent, of sodium naphthionat« are dissolred 
in 185 c.c of water. 6'2 o.c of sulphuric acid (sp. gr. 1*835) are 
diluted with 180 c.c of water and the mixture run slowly into the 
naphthionale solution, which is contjononslj stirred to secure a 
uniform paste. The mixture is cooled to below 5° C, and a 10 per 
cent. BoluUon of sudium nitrite, containing 7 grm. of the commer- 
cial 98 per cent, product, added slowly, stirring constantly. The 
resulting paste, made Dp to 750 c.c, ia now ready for use. 

For the test, 15 grm. of the sample, 200 grm. of a 25 per 
ceoL solution of sodium hydroxide solution, and 140 cc of a 10 
per cent, solution of sodium carbonate are heat«d togeUier until the 
^-oaphthol is dissolved. The solution is cooled to below 6° C. and 
made up to 250 c.c. Tbediazo-compound as prepared is run slowly 
and carefully into this solution of the sample, which is continually 
stirred. If the ? naphthol is pure, the resulting azo-compound will 
precipitate completely in the shape of a fine crystalline powder, and 
hardly any color will pass into solution, while the first portions of 
the diazo- com pound are being tidded. On the contrary, if a-naph- 
thol is present, a colored BolulioQ will be formed. As little asOl 
per cent, can be detected. If the rest of the diazo-compoitnd be added, 
the presence of the a-naphthol compouud is obscured by the forma- 
^on of a thick color paste. However, by boiling the product the 
1/..';'. a /., 188T, 8b;. 
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paste Ib made to Bettleualajer of fine orTStale, aod the Buperoataut 
liquid is more or lees colored with the a-naphthol compound. The 
following short method may be used: — Instead of combiniDg the 
whole of the ^-napbthol, only a part — say, H per cent, of the 
whole — is combined with diazo-compound. The diazo-paste pre- 
pared as above is well shaken and 37*5 o.o. run into the ^S-naph- 
thol solution of the same quantity as above, and with the same 
precautions as already described. It is then not necessary to boil 
the product, as the insoluble color formed settlea readily, and by 
dipping strips of filtering paper iuto the supernatant liquid, and 
comparing the tint with that obtained similarly from mixtures of 
pure ^-naphthol with a known percentage of a-naphthol, a fairly 
accurate idea of the amount of a-naphthol present can be obtained. 
The method can be further simplified by using color solutions of 
known strength and same shade as that of the above colored filtrate, 
for the purpose of comparison. With proper caution the method 
can be successfully applied to less than 1 grm. 

For distinguishing between naphthalene, a-naphthol, and fi-napfi- 
tholilj. Reuter' utilizes the difierence of action of chloral hydrate 
and zinc O'l grm. of the sample is mixed with 2'6 grm. of 
fused chloral hydrate and warmed for ten minutes. A. similar 
experiment is performed with addition of 5 drops of strong hydro- 
chloric acid, and also with the same amount of acid and a piece of 
zinc 



Kaputiulkhs. 



lotonselj roby-red, 
tisDspareul, not 
SaoreecxDt. 

iDtoDSelj dark 
greenisbblne, not 
transparent. 

A dark violet-blae. 
(Water gives n 
violet floccnlent 
precipitate.) Al- 
coholic solntion. 
re ddish-Tiolel 
with a violet fla- 



Iiit«nsel; yellow, 



Dark hrown. (Wa- 
ter thruns down 
a greasj body ) 
Alcoholic solu- 
tion, fellow nith 
a bine flaores- 



'riarm. Zt!l., 1S91, 289. AbM. J. ft. C. /., 1 



.vGoogIc 



ZUD HTDKOCARBOirS. 

Detection of P-Naphihol in Foods. — The marked antiBeptic qualiUea 
of ^-napbthol reader it suitable for use as a food -preservative, but it 
has not be<>D largely employed. For ita detection in ordinary foods, 
the American AoBociation of Official Agricultural C hem istB suggests 
the following procedure, which covers also the detectipn of several 
similar antiseptics.' 

Two hundred grm. of the sample are acidified with dilute sul- 
phuric acid, distilled with open steam, and the first 200 c.c of the 
distillate extracted in a separating tunnel with about 20 c.c of 
chloroform. AfUr being run off, the chloroform is rendered slightly 
alkaline with potassium hydroxide and heated for a few minutes 
almost to boiling. Color changes occur as ibllows, if an antiseptic 
of the phenol class is present: 

Phenol Light red, to browD, to jellow, to colorlees. 

l-z-Cresol, Lilac witb tinge of orange. 

^-napbthol, . , . . Deep bine, to green, to brown. 
Salol, Ligbt red. 

Abratlol and aniprof are commercial namee of calcium ^-napbthol- 
A-monosulpbonate, CitHaHOSOiCa. It is freely soluble in water and 
has active antiseptic qualities. It is stated that it has been used 
as a food preeervative. The following method for its detection, 
ascribed to Bellier, is quoted in the report of the A. O. A. C 

Fifty cc of the sample are made alkaline with a few drops of 
ammonium hydroxide and gently shaken for a few minutes with 10 
c.c. ofamyl alcohol; ethyl alcohol maybe added if an emulsion 
be formed. The alcoholic liquid is decanted, filtered if necessary, 
and evaporated to dryness, the residue thoroughly moistened with 
2 c.c. of a mixture of equal parts of water and strong nitric acid, 
heated on the water-bath until half the water is evaporated, and 
transferred to a teat-tube with the addition of 1 c.c. of water. 
About 0'2 grm. of ferrous sulphate are now added and then am- 
moniam hydroxide drop by drop with constant shaking, until in 
excess. If the resulting precipitate be reddish, it is redissolved by 
a few drops of sulphuric acid, and the ferrous sulphate and am- 
monium hydroxide added as before. As soon as a dark or greenish 
precipitate is obtuned, 5 c.c. of ethyl alcohol are added, the pre- 
dpitate dissolved by sulphuric acid, the 6uid well shaken and 

1 Proe. Fomru^a Ann. Com. (18»T) A. 0. A. C, BvU. 51, f7. S. DtpU •/ 
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filtered. The preaeoce of 0*01 grm. of the antieeptic will be indi- 
cated by the red coloi of the solution. If not preaent, the solution 
will be light yellow or colorless. Fatty matters should be melted, 
extracted with hot 20 per cent, ethyl alcohol, the filtered liquid 
evaporated to dryoeaa, and the residue treated as above. 

If salicylic acid be present in the sample, the above process will 
yield a solution of a deeper orange than with asaprol ; moreover, the 
solution will give the violet color with ferric chloride, while aaaprol 
gives a blue color, discharged by heating. Natural coloring- matters 
are not extracted Irom the alkaline liquid by amyl alcohol ; coal- 
tar colon may be removed by evaporating to dryness with immersed 
clean white wool, adding acetie acid or ammonium hydroxide 
according to the color preaenL From the residue, water will extract 
only the aaaprol. 

Dderminatwn of fi~w^hthoP : 3 grm. of the sample are dissolved 
in a solution of not less than 3'5 grm. of sodium hydroxide 
{=C,(H,HO + 4NaH0), and the solution diluted to an exact vol- 
nme, not less than 260 c.c Ten c.c of the solution are placed in a 
small fiask, heated to 65° C, and decinormal iodine solution added 
nntil the liquid shows a yellow color, indicating excess of iodine. 
On shaking, a dirty green precipitate maybe produced. The liquid 
is cooled, acidified with sulphuric acid, diluted to 250 c.c, and an 
aliquot portion titrated with decinormal sodium thiosulphate to 
ascertain the excess of iodine. The figure for the iodine actually 
□Bed, calculated to the whole amount taken, and multiplied by 
0'37M, will give the amount of ^ naphthol present. 

Niinmaphihaienet. — The manufacture of nitronaphtbalenes is of 
importaoce,as their presence in nitroglycerin renders the latter prac- 
tically non-sensiUve to concussion, and even a small admixture pre- 
vents dynamite from freezing. Nitronaphthalenea are said to 
poBsesfi the property of rendering dynamite "fumeless," but this 
has not yet been definitely decided. They considerably increase 
the solvent action of nitroglycerin on nitrocellulose.' 

When used in conjunction with nitroglycerin, the melting-point of 
nitron a phthalene is of minor importance, but it is desirable to have 
as high a degree of nitration as possible, since this will retard the 
momentum of theexplosion. When used with solid explosives, such 
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as picric acid, the melting-poiut must obviously be below the poiut 
of decompositioD of the explosive agent. When it is desired to use 
a higher nitrouaphthaiene in this conDectiou, it may be accomplished 
by adding a small amount of mononitronaphthalene, as the latter 
acts as a solvent of the higher nitro- derivatives, and they together 
will dissolve picric acid, nitrocellulose, and the like. 

The oitro-derivatives of naphthalene are generally obtained either 
by the action of nitric acid alone or mixtures of nitric and sulphuric 
acids on naphthalene, or, for the highest nitro-derivatives,by renitra- 
tion of the lower compounds. It is best to nitrate with a mixture 
of nitric and sulphurie acids, using about three times as much acid 
(specific gravity I'S) as naphthalene. The amount of sulphuric 
acid to be used will vary with the degree of nitration desired, and 
ranges from 4:1 (nitric : sulphuric) for low melting-poinla to 3:2 
for the higher derivatives. 



ANTHRACENE AND ITS ASSOCIATES. 

In the distillation of coal-tar, the fraction passing over above 
the temperature of 270° C. is a heavy, greeniah or reddish, oily 
liquid known aa ftnthracens oil, which usually amounts to ftbout 
Ane-sixth of the entire distillate. On cooling completely, a granu- 
lar, crystalline deposit is formed, which consists chiefly of a mix- 
ture of various solid hydrocarbons, of which anthracene is the 
most important and charactenstio. The deposit is freed as much 
aa possible from the adherent oil by filtration, pressure, or other 
mechanical means. Formerly it was sold in a pasty state, hut the 
purification is now carried further. To obt^n a superior product 
it is desirable to use powerful hydraulic preaaure, and to press the 
crude anthracene, first cold and then hot, by which means a 30 to 
40 per cent, cake may be obtained without washing. The anthra- 
cene may be further purified by treatment, after crushing, with coat- 
tar naphtha boiling between 120° and 190° C, which, in some cases, 
is subsequently washed out by petroleum spirit boiling between 70° 
and 90° C Anthracene and the other chief constituents of the 

' Ths BolveDt la reoorcrad b; diitilUtien. The raldae ooDiitti lu-gcl; of pbnui- 
tbrcne kd<1 liquid oi\t uf unknuwn aalun. Hitherto iti oal? applintioD hu beco 
for making Ump-blaok. 
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product thuB obtained are described in tfaefolloning Bectione. The 
■amy of the crude ttntfaracene is described od page 229, d seq. 



010 



Anthracene. C.H„ = 



Anthracene is formed in a variety of reactions taking place at 
high temperatures. It is a characteristic constituent of coal-tar 
from the manufacture of illuminatiug gas, and is also found to the 
tar produced by coadensiog the gas from Simon-Caryte coke-ovens, 
and in the tar obtained in the manufacture of gae by exposing 
petroleum to a high temperature. Anthracene is now manufactured 
on a large scale from the high-boiling fractions of these tars (see 
above). It is contained in notable quantity in coal-tar pitch, and 
hence the distillation of this product haa been carried as far as 
actual coking ia order to obtain the greatest possible yield of 
anthracene, but the product was so impure, and is refined vith such 
difficulty, that the manufacture from this sonrce haa been aban- 
doned. 

When quite pure, anthracene crystallises in colorless rhomboidal 
platee or ahiniug scales, nhicb exhibit a fine violet fluorescence. It 
melts at 213° C, suhltmes at about the same temperature in mica- 
ceous scales, and distils almost unchanged at about 360° C* It 
may be dis^lled Dearly unchanged in admixture with caustic pot- 
ash, and Perkin recommends this as the only method by which 
crude antliTaceue can be purified on the large scale. 

Anthracene is insoluble in water, and in dilute acid and alkaline 
eoluljons. In cold alcohol chemically pure anthracene dissolves 
to the extent of 6 per cent., while benzeae dissolves OS, and car- 
bon disulphide 17 per cent, of anthracene. 

If picric acid be added to a solution of anthracene in boiling ben- 
zene, a compound having the formula Ci4Hio,C(Hi(NO,)iOH is 
formed. On cooling, this so-called picrate separates in ruby-red 
needles, which melt at 170° C, and are soluble in a small proportion 
of alcohol with red color, buton adding more alcohol the compound 

' Utaxlj pure MiUmceDe ma; be obtnined by mslting a partially pnriBei] umple 
Id a rstort and poniug a ilroDg current of air ttarungh it, when ths inthraiteiia is 
suried off and depoait«d in brilliaot Bakf. 
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undergoea decotnposition and the liquid is decolorised. The ctjb- 
tals are also decompoeed by vater. 

Hot dilute nitric acid converts anthracene into a mixture of 
anthraquinone with dinitranthraquinoDe, G„H|(NO,)]Oi. The 
latter body crystallises in microscopic quadratic plates, and, accord- 
ing to Frttzsche, forms compounds with all the solid hydrocar- 
bons associated with aothracene in coal-tar. With aothraceoe 
itself, Fritzsche's reagent gives shining, rhomboidal, purple plates, 
which appear blue if the hydrocarbon be not quite pure; and if too 
impure, the reaction fails altogether. 

On gently heating, concentrated sulphuric acid diesolvea anthra- 
cene with greenish color, and at a higher temperature forms anthra- 
cene sulphonic acids. Fuming sulphuric acid acts violently on 
anthracene. 

By the action of bromine or chlorine, anthracene is converted 
into various bromo- and chloro-derivatives On treating dibrom- 
anthracene, Ci,H,Br„ with oxidising agents, it is converted into 
dibromanthraquinone, C„H(B''iOi, and this, when heated with caus- 
tic potash, yields dioxy anthraquinone or alizarin, C„H,(OH)|0|. 
Similarly, by treatment with chlorine, anthracene is converted into 
the theoretical weight of dicbloranthracene, C„HgGI(, a lemon- 
yellow crystalline Bubstauce resembling picric acid. The reaction 
forms an important step in the manufacture of artificial alizarin. 

By expoeing purified anthracene suspended in beniene or xylene 
to the action of direct sunlight for several weeks a modification, 
commonly called paranthraeene, is obtained, but which Oro- 
dorff and Cameron' find to have the formula CnHa, and 
propose the name dianihTOcene. It has a specific gravity of 1-265 
("i^c')' ^^ melts at 244° C. It didfers from anthracene in many 
points. It is not soluble in benzene, is not attacked by ordinary 
nitric acid or bromine, and does not combine with picric acid. It 
is converted into anthraquinone by chromic acid or warm Aiming 
nitric acid. 



AlfTHRAQUtNONE. C„Hi0, - 



r. Chem. JoMT., ISSS, <! 
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AnthraquinoDe has the constitution of a dipheii7lene-iliketoQ& 
It is produced by the action of oxidising agents on anthracene. 
Chromic acid is the best ozidiser for the purpose; with nitric acid, 
nitranthraquinone is apt to be produced. The details of the pro- 
cess are given on page 229, et leq. 

As usually prepared, anthraquinone appears as a felted mass of 
delicate crystalline needles of a yellowish or pale buff color, but 
when purified by sublimation, it is obtained in long, delicat«, lemon- 
yellow needles, or golden-yellow prisms. When pure, it melts at 
277° C, and boils at a temperature between the points of ebuliiti<m 
of mercury and sulphur. 

Anthraquiuone is neutral in reaction, and insoluble in water and 
in dilute acid and alkaline liquids. It is sparingly soluble in alcohol 
and ether ; more soluble in hot benzene. It is very stable, resisting 
the action of manyreagenU. It isnotafiected by hot hydrochloric 
acid, or by boiling with solution of potassium hydroxide or calmm 
hydroxide. It dissolves in hot nitric acid of 1'4 specific gravity, 
and is deposited in crystals on cooling, — a more complete separation 
occurring when the acid is diluted. 

In concentrated sulphuric acid at 100° C. anthraquinone dis- 
solves unchanged, and on exposing the solution toa moist atmosphere, 
is gradually redepoaited in cryslals, or may be obtained in a more 
finely-divided state by pouring the acid into water. Solution in 
sulphuric acid is employed for purifying commercial athraquinone. 
When strongly heated with concentrated sulphuric aoid, or more 
easily if fuming acid be used, anthraquinone is converted into 
a mixture of an thraquinonemonosul phonic and anthraquioone- 
disulphonio acid. These bodies are also obtained by the action of 
sulphuric acid on diubloranthracene, C,^RjC\t, and play an impor- 
tant part in the manufacture of artificial alizarin. The proportion 
of the two sulphonic acids formed depends on that of the sulphuric 
acid employed. On nearly neutralising the product with caustic 
soda, sparingly soluble sodium anthraquinonemonosulphonate sepa- 
rates, and may be obtained in brilliant pearly scales by pressure 
and recrystallisation. Heated with sodium hydroxide and potas- 
sium chlorate it yields pure alizarin. 

When fused with potassium hydroxide, anthraquinone yields 
potasuum benzoate, and, when ignited with or distilled over soda- 
lime, bencene is formed. 

By the actiiiu > f certain reducing agents, such as sodium amal- 
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gam, or Bodiura hydroxide Bolution and zinc-dust, anthraquinone is 
coDyert«d into hydranthraquinone, Ci(Hi,Oi. This reactioD has 
been applied by A. Clauaas anextretnely delicate meaDS of detect- 
ing anthraquinone, and hence anthracene. A few particles should 
be placed in a test-tube with some sodium amalgam, covered with 
ether free from water and alcohol, and the whole well shaken to- 
gether. On addiog a drop of water a splendid red color appears, 
but is destroyed by shaking in contact with air, reappearing on 
standing. If absolute alcohol be subetituted for the ether, the 
color produced is dark green, turned to red by a trace of water, 
and destroyed by shaking with air. 

The marked characters and stability of anthraquinone render it 
the most convenient body into which to convert anthracene for the 
purpose of determining it. The best method of effecting this is 
described on page 230. 

Anthracene Dihvdhide, CuHi,=CuHio.H„ occurs in coal-tar. 
It crystallises in colorless plates resembling naphthalene, fuses at 
106°, and distils unchanged at 305° C It has a peculiar odor, sub- 
limes at the temperature of boiling water, and distils readily with 
the vapor of water or alcohol. Anthracene dihydride is insoluble 
in water, but is readily soluble in alcohol, ether, or benzene, the 
solutions exhibiting a blue flourescence, which is not shown by the 
solid substance. It is said not to yield a compound with picric 
acid. 

Anthracene Hexbydride, Ci(Hig:=^Ci(Hi(,Ht, occurs ia coal- 
tar with the dihydride, which it closely resembles. It melts at 63° 
and boils at 290°. 

Methylanthracene, CuH„=Ci,H/CH,), occurs in small quao* 
titles in coal-tar, and ia produced by the reductiou of cbrysophanic 
acid and other bodies. It resembles anthracene, crystallises from 
hot alcohol in thin, pale yellow, bright scales, and sublimes in 
greenish scales. It melts at a temperature variously stated at 200° 
to 210° C, is sparingly soluble in alcohol, ether, and glacial acetic 
acid, but readily in benzene, chloroform, and carbon disulphide. It 
forms a picric aci.d compound similar to that of anthracene, and is 
dissolved by concentrated nitric or sulphuric acid, especially if 
hot. 

DiuETHYLANTHRACENE, CMH,t=CivHt(CH,)„ resembles the last 
compound, melts at 224° to 225° C. and is supposed, though not 
proved, to exist in coal-tar. 
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Constituents of .Crude Anthracene. 

The crude coimnercial anthracene, obtaiDcd from coal-tar io the 
manner described in outline on page 208, is an extremel; complex 
mixture of bydrocarbona and other organic compounds, aome of 
which have been but very imperfectly studied. The tables on 
pages 214 aad 215 give a synopsis of the principal hydrocarbone 
occurring in crude anthracene:' 

Besides the bodies classified in the foregoing table, and methyl- 
anthracene and the hydrogen additive -compounds of anthracene 
already described, crude anthracene is apt to contain other hydro- 
carbons of vhich but little is known. A solid parafGn is present 
in considerable quantity in the crude anthracene made from the tar 
of caonel coal. 

Crude commercial anthracene also contains liquid hydrocarbons 
of high boiling point and almost unknown composition ; the phenols 
corresponding to anthracene, phenanthrene, and probably to other 
hydrocarbons ; and the uitrogenised bodies carbazol, imido-phenyl- 
naphthyl, and acridine. 

The following is a more detailed deecription of the prindpal 
bodies occurring in association with anthracene in the crude com- 
mercial product. Some of their important reactions are descrilied 
on page 221 ef seq. : 

Naphthalene, C,aH„ has already been fully described (pBgel97). 
It can be separated from crude anthracene with tolerable facility, 
as it is taken up by solvents more readily than are the associated 
hydrocarboDS, and has a lower melting and boiling point. 

DiPHENYL, CitHio, dissolves readily in alcohol and ether, and 
crystallises from its solutions in large, colorless scales. It may be 
isolated from the indifferent oils of the fraction of coal-tar boiling 
between 240" C. and 300° C. by treating them with warm sulphuric 
acid, separating the resultant mono- and dimethylnaphthalene- 
Bulphonatee, and cooling the undissolved oil to — lb" C, when the 
dipbenyl separates out. 

' Ths atrnetanl formiilte hkv« b«eD oompiled priDoipall; from the lut (Sth) QamiBD 
tdition of Riohter'ii Organie Chemiitrj/, which glvea far releoe nieral7 tbe g«nentl 
itnidun, u k mtthrltritjIpheDanthrsne. In the formulk for retene, gircn In the 
table, the uBigumest of the *lk;l> to putioDlar paiati is msnl; proviiionsl. 
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Fluoreoe (dlpbenyliiietluuie). 



StBVCTITIUI. FOBMULl. 
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AcENAPBTHENE, C„H,a, IB metameric iritb diphenyl. It occurs 
chiefly in the fmctioD of coal-tar distilling between 270° C. and 300° 
C, and crjHtallises from the 280° C. to 290° C. fraction on cool- 
ing. It may be purified by crystal I ieation from hot aclohol or coal- 
tar naphtha, followed by careful eublimation. From alcohol it 
crystallises in loag, colorlesa, luatrous needles, and from heavy tar 
oil in hard, brittle crystals. Acenaphthene has ao odor like that of 
naphthalene, is readily acted on by bromine, forms a sulphonic 
acid all the salts of which are readily soluble, and yields a nitro- 
compound with nitric acid. 

Acenaphthene Dihydride, C„H„H„ is stated to occur in 
coal-tar and to boil at 260° C. 

Flcorene, CiiHio, is contained in the fraction of coal-tar boil- 
JDg between 290° C. and 350° C, and particularly in the 295-310° 
C. fraction, from which it may be isolated by repeated crystallisa- 
^on from alcohol. Fluorene forms colorless, fluorescent scales, 
easily soluble in hot alcohol and in benzene, ether, and carbon 
disulphide. It yields dirivatiTes with bromine and nitric acid. 

Phemantrremb, Ci,Hm, is metamerio with anthracene, and occurs 
in the crude substance in very coueiderahle proportion. It may be 
separated from antbracenfl by fractional distillation, followed by 
repeated crystallisation from alcohol, in which liquid it is much more 
soluble than anthracene, and hence becomes concentrated in the 
mother -liquors. The fusing point of phenanthrene is much lower 
than that of anthracene, but it sublimes less readily than the latter 
hydrocarbon, though its boiling point is lower. It is also distin- 
guished from anthracene by its behavior with picric acid, with an- 
timony and bismuth chlorides (pages 222, 225), and with chromic 
acid. Phenanthrene forms a sulphonic acid when heated to 100° 
C. with concentrated sulphuric acid, and with nitric acid yields a 
nitro- com pound. Its behavior with chromic acid is described on 
page 226. 

Pbeudophenanthbbnb, Ci«H,„ occurs in small quantity in the 
portion of crude anthracene soluble in acetic ether. It forms large, 
white, glistening plates, exhibiting no fluorescence, aud melting at 
150° C. This last character distinguishes it from phenanthreue and 
similar hydrocarbons, as does the fact that the picrate separata on 
mixing cold saturated alcoholic solutions of the hydrocarbon and 
picric acid. It is also characterised by the properties of the product 
formed on oxidising it with chromic acid. 
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Fluobanthbene, or Idryl, CioHio, occurs in the high eat- boiling 
fractions of coal-tar, and is best separated from the accompanyiDg 
pyrene by repeated cryBtallisationa of its picric acid compound from 
alcohol. Fluoranthrene cryatalliseB from dilute alcohol in large 
shining plates, from strong alcohol in needles. It dissolves in con- 
centrated sulphuric acid, on gently warraiug, with greeaisb-blue 
coloration, changing at a higher temperature to blue, and at length 
turning browo. 

Pyrene, CiaHio, is contained in the fractions of the oils of coal- 
tar and crude anthracene boiling above 360° C. On extracting these 
with carbon diaulphide, evaporating the filtered solution to dryness, 
diasolTiDg the residue in hot alcohol, and adding an alcoholic solu- 
tion of picric acid, the picrate separates on cooling. The compound 
should be recryHtallised several times from alcohol, decomposed by 
ammonia, and the separated hydrocarbon recrystallised from alcohol. 
It forms colorless, tabular crystals. 

Retene, C,aH,g, occurs in thiu, unctuous scales in fossil pine- 
stems, in beds of peat and lignite; and is also produced in the dry 
distillation of very ruinous fir and pine wood. It forms shining 
scales. Beteoe volatilises readily at IW and slowly at the or- 
dinary temperature, hut is devoid of smelL It sinks in cold water 
and floats on boiling water. 

Chbysene, C,,H„, is contained in the fraction of coal-tar which 
distils immediately before the occurrence of coking, when it is 
obtained in admixture with pyreue as a dry powder or yellow mass. 
On extracting this with carbon disulphide chrysene remains, and 
may be purified by crystallisation from hot glacial acetic acid or 
heavy tar oil. Turpentine oil also dissolves it, but in carbon disul- 
phide it is nearly insoluble. Chrysene forms brilliant scales, 
which when pure are colorless, but which are commonly obtained 
yellow, owing to the presence of chrysogene as a persistent im- 
purity. Chrysene boils at about the same temperature as sulphur, 
with partial decomposition. It forms compauods with picric acid 
and dinitro-anthraquinone, yields oitro- compounds with nitric acid, 
and dissolves in hot, concentrated sulphuric acid with purple color. 

Chrtboqene is the body which imparts to impure chryaene its 
yellow color. lis formula has not been established. It is isolated 
from crude chrysene by frequent crystallisation from coal-tar 
naphtha, and washing with ether and alcohol. Chrysogene crystal- 
lises from boiling alcohol in yellow, cohering scales, which if very 
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thin are pink, yiitit a gold-green reflection. It dissolves io 2600 
of cold or 600 parts of boiling beDzene, and in 10,000 of cold or 
2000 of boiling glacial acetic acid. The preseoce of ^^ipF part of 
chrjeogene colors uaphthalene and other hydrocarbons an intense 
yellon. Its solutions are rapidly decolorised on exposure to aun- 
Hght. Chrysogene fuses at 280-290° C with partial decomposition, 
and diBsolves without visible change in concentrated sulphuric 
acid. 

Benzerythrbke, or Tbiphektlbbnzene, OHH,t=:C(H,(C^Ht)i. 
This hydrocarbon forms the very last product obtained in the 
distillation of coal-tar pitch, and may thus be separated without 
difficulty. After nearly all the other bodies have passed over, the 
benzerythrene appears as a vapor easily condensing to a bright-red 
powder, which, however, contains much chrysene and other bodies 
troublesome to separate. When pure, it forms white, shining scales 
which melt at 807° C, and are but sparingly soluble in alcohol, or 
even in boiling glacial acetic acid, but are more soluble in hot 
benzene. In strong sulphuric acid benzerythrene dissolves widi 
green color. The symmetric form has been obtained artificially. 

PiCEiTE, or Paracbrysene, CnH,i, resembles chrysene, but is still 
leas acted on by solvents. Its best solvent is high-boiling coal- 
tar naphtha. Picene melts at an ezoeptionally high temperature 
(330-345"), and boils at 618-520° C. 

Paraffims, CoHta4.|. In the crude anthracene from the tar of 
oannel coal, such as is produced in Scotch and north-country gas- 
works, a solid paraffin Is present in considerable quantity and id 
a highly objectionable impurity, as it greatly reduces the value 
of the product and even renders some batches wholly unmarket- 
able. 

Cabbazol. Imido-diphenyl. Diphenylene^imide. 




Carbasol often ocours in crude washed anthracene to the ex- 
tent of 10 or 12 per cent It is best isolated from the residue left 
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ID the retort after purifying crude anthracene by distillation with 
caustic potash. It exists in this as a potaaeium-derivadre, 
CiiHgNK, which is decomposed hj water with formation of caustic 
potash and regeneratioa of the carbazol. Carbazol fuses at 238° 
C.fSublimes readily, and boils at about 355° C. It forms colorless, 
crystalline, fiuorescent scales or plates, which resemble anthracene. 
It is insoluble in water, and but little dissolved by cold alcohol, ether, 
chloroform, or benzene, but more readily by these solvents when hot 
(page 221). It baa no basic properties like acridine and forms no 
salts with acids, but substitution -products with potassium and with 
acetyl exist Its cbaracterv are very similar to those of the hydro- 
carbons with which it is associated. Carbazol forms a compound with 
picric acid, and with nitric acid yields nitro- compounds. In pure 
cold sulphuric acid it dissolves with yellow color, but in presence 
of the most minute trace of nitric acid, chlorine, chromic acid, 
or other oxidising agent, an intense green coloration is produced. 
It is employed for the preparation of several dye-stu& 8. C 
Hooker has suggested its use as a colorimetric test for nltratea in 
water. 
Imido-pheitilnafhthyl. FhenylnaphthylamiDC 




This body is obtained by subliming the residue remaining after 
distilling crude anthracene. It CTyetallisei in greenish or golden- 
yellow metallic-looking plates, melts when pure at 330° C, and boils 
at a higher temperature than sulphur. It is but little soluble in 
alcohol, benzene, toluene, or glacial acetic acid, even when boiling, 
and with difficulty in high boiling coal-tar naphtha. It is more 
soluble in hot aniline. Both in the solid state and when dissolved 
in benzene it is remarkable for its greenish fluorescence and banded, 
fluorescent spectrum, and broad and well-defined absorption -bands. 
In the benzene solution, two are seen between F and G, and 
another slightly more refrangible than G. When the substance is 
examined in the solid state, the bands are nearer the red end of the 
spectrum. 
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AcRiDiNE, C^HtN =^ I ' . Acridine 'u a basic 



body which may be isolated by agitating crude anthracene nith 
dilute sulphuric acid, precipitating the ■olutlon with potassium 
cbromate, purifying the aoridlne ch'romate by recrjatal ligation, 
precipitating the base by ammonia, and recrystallising It from hot 
water. The hydrochloride, which forms golden or brownish -yellow 
scales, may also be employed for the purification of the base. 
Acridine forms colorless or brownish-yellow, rhombic prisms. It 
melts at 110° C, sublimes in broad needles at about 100° C, 
boils unchanged at 360°, and distils with the vapor of water. 
It is slightly soluble in cold, but more readily in boiling water, 
and is readily dissolved by alcohol, ether, carboa disulphide, 
benzene, Ac. Acridine exhibits a feeble alkaline reaction, and 
combines with acids to form a series of yellow salts, all of which 
are crystal Usable and most of them easily soluble. They suffer 
decomposition when boiled with a large quantity of water. Id 
dilute solution acridine salts exhibit a strong blue fluoresceuce, 
which Is green with more concentrated solutions, and disappears if 
theyare very strong. With strong nitric acid acridine forms nitro- 
compounds. Sulphuric acid has no action except at a very high 
temperature, and caustic potash does not react below 280° C. By 
oxidising agents acridine is unaffected. Its most charactcrlsLic 
property is an irritating effect on the skin and mucous membrane. 
Violent sneezing aud coughing are produced on inbaliug the 
emallestparticleof tbedust or vapor, and even very dilute solutious 
of its salts cause acute stinging when applied to the skin or tongue. 
It has been used as an insecticide, and composltJous containing it 
have been used for coating the bottoms of vessels. The preservative 
pFOpeities of coal-tar creosote oil may be in part due to acridine. 

Acridine Picrate, CnH,N,C,H,(NO,)iO, is a canary-yellow crys- 
talline salt, which is also wholly insoluble in cold, and is par- 
tially decomposed by boiling, water. It melts at 208° C, and is but 
slightly dissolved by alcohol or benzene, even when boiling. 

For a more extended aocount of acridine salts see Vol. IIL, 
part 2, p. 125. 
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Detection and Separation of Anthracene and its Asso- 
ciates. 

The reactions of anthracene itself hare already been detailed 
(page 209). The recognition and separation of the varions con- 
Htituenta of crude commercial anthracene are attended with great 
difficulties. Fractional fusion and distillation are processes sug- 
gested by the tables on pages 214, 21fi, and the employment of 
suitable solvents and fractional crystal lisatioD therefrom are 
methods often referred to in the foregoing description of the con- 
stituents of crude aatbraceue. Other useful processes and teats 
are based on the properties of their compounds vith picric acid, 
on their reactions with concentrated sulphuric acid and with the 
fused chlorides of bismuth and antimony, and on the nature of the 
oxidation- products yielded on treating the solutions in glacial 
acetic acid with chromic acid. 



Bebaviob of Solid Hydrocarbons with Solvbhtb. 

The following table, due to Q. von Becht, shows the behavior of 
anthracene and its associates with solvents. The sigo * signifies 
that the substance dissolves in all proportions: ' 









.»P«j, 


^.rr-" 






At„-C 


At 100° C 


At .s»C. 


At 78" C 


Naphthnlene, . . 
PbeuanthTene, . 

Pyreue, .... 
Chryeeoi, . . , 






31 W 
33 -oa 

0-91 
16-54 

0-24 
019 

^^, 

soluble. 


ia'94 
Very winble. 

1$ 

S-46 
0-39-057 


5-f9 

z-62 

0-076 

1-37 

0-097 

0-05 

0-91 
Scarcely 
Bolnble. 


lo-oS 
0-83 
308 
017 

025 







Figures showing the behavior of anthracene itself with some 
solvents are given on page 209. The comparatively slight solu- 
bility of anthracene in alcohol, carbon disulpfaide, and petroleum 
spirit was formerly applied to the assay of the commercial taiy 
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The following data are due to W. H. Perkii 





>A 


r™ oy rin-KOLEim 


100 Parts or Coai^tar 


Antbtacone, 

Dicliloranthracene, . , 

Carbazo!, 


3207 
O-II5 
0-137 


"-94 

0-976 

Ills 

0-si 



A process has been giveo by Ze idler* for the further separation 
by solvents of sucb of the coustitnents of crude anthracene as are 
dissolved b; acetic ether. 

Compounds op Solid Hydrocarbonb with Picric Acid. 
Most of the coDstitueuta of crude anthracene form characteristic 
crystalline compounds with picric acid, which have the general 
formula MC,H,(NO,),0, in which M represents a molecule of the 
hydrocarbon. lu some instances this reaction affords a. valuable 
means of recognising the hydrocarbon. These so-called " picrstes " 
are usually decomposed by water or alkaline solutions, and in some 
cases even by alcohol. To produce them a saturated solution of the 
hydrocarbon in hot benzene should be mixed with an approximately 
equivalent quantity of picric acid, also dissolved to saturation in hot 
benzene, and the mixed solution then allowed to cool. In other 
casesalcohol may besubsUtuted for the benzene; for the detection of 
naphthalene, cold alcoholio solutions should he employed. The fol- 
lowing is a description of the compounds of picric acid with the 
more important substances of this class : 

NaphiAalena is the only solid hydrocarbon, except pyrene and 
pseudophenanthrene, giving a precipitate when its cold 
alcoholio solution is mixed with a cold alcoholic solution of 
picric acid. It forms stellate groups of yellow needles, 
melting at 149° C. 
Dipkenyl forms no definite crystalline compound. 
Aeenaphihenc. — The compound forms orange-yellow needles on 

cooling the boiling alcoholio solution. 
Fluorene. — The compound crystallises from bensene in slender 
red needles, melting at 81° C. 

J. S. C. I., 1S82, 08. 
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Phenanthrei^e. — The compound cryalallUes from benzene in yellow 
needles, melting at 146° C. and soluble in hot alcohol without 
decomposition. 

Pieudaphenanihrene. — The compound forma readily on mixing 
saturated cold alcoholic Bolutiong of hydrocarbon and picric 
acid. It cryBtallises in light-red needles, melting at 147" C. 

Anihracene. — The compound is deposited from solution in hot 
benzene in ruby-red crystals, very soluble with red color in 
a little alcohol, the solution being decolorised and compound 
decomposed on adding more alcohol. 

Flvoranikrene. — The compound forms reddish -yellow needles, 
melting at 182° C, difficultly soluble in cold alcohol, and de- 
composed by boiling with water. 

Pyrene. — The compound is deposited from hot alcohol as a red 
crystalline precipitate or long dark-red needles, melting at 
222° C, nearly insoluble in cold alcohol, but very soluble in 
benzene and decomposed slowly by boiling with water. 

Retene. — The compound forms orange-yellow needles, readily 
soluble in alcohol. 

Chrytene. — The compound crystallises from benzene in orange 
needles. It is decomposed by cold alcohol. 

Bemerylhrene. — The compound is deposited from very concen- 
trated, hot alcoholic solutions in brownish -yellow flocks. 

Carbazol- — The compound forms large red prisms, fusing at 
182° C. 

Acridine forms a true pierale (see page 220). 

The reaction with picric acid has lieen made the basis of a method 
of estimating several of these hydrocarbons and their derivatives.' 

If substancee that form insoluble compounds with picric acid be 
digested on the water-hath with a measured quantity of an aqueous 
aoludon of picric acid, nearly saturated at ordinary temperatures, — 
about ^, — the original substance gradually disappears, and in its 
place an equivalent quantity of the picric acid compound separates 
quanUtatively, either at once or on cooling. The amount of picric 
acid ID the original solution and in an aliquot portion of the filtrate 
from the molecular compound can be determined by titration with 
barium hydroxide (using lacmoid as indicator), and the quantity 
of picric acid contained in the precipitate calculated. 

IP.V. KBitar, fler,, X894, 1101; Abrt. ./. 5. (7, J., 1894, 8M, 
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Tlie digestion on the water-bath must take place in hermeticallf 
closed vessels. The subetance to be determined, together with the 
measured volume of picric acid of known strength in excess, ia 
placed in a flask, which must be nearly filled with the solution. 
The flask is closed with a good india-rubber stopper, through which 
passes a tube about 7 cm. long. The tube ia aealed up at the lower 
end, and about 1*5 cm. above the sealed end a small hole is blown 
in the side. When the side hole is just below the stopper, the air in 
the fiask ma; be pumped out ; then, on withdrawing the tube until 
the sealed end is flush with the uuder side of the stopper, the flask, 
having a vacuum in the upper part, may be disconnected from the 
pump and safely heated in the water-bath. The flask must be 
heated until the reaction is complete (2 hours — 2 days), and fre- 
quently ehaken during cooling, in order to wash down any material 
which may have sublimed into the upper part of the flask. Ailer 
standing for a few hours, the picric acid iu the filtrate is determined 
by titration. Test analyses show that the method is exact, except 
in the case of jS-naphthol, with which a correction must be intro- 
duced owing to the solubility of the molecular compound. For 
every 100 c.c of picric acid solution, 0'0076 grm. of ;9-naphthol 
remain unprecipitated. 

Reaoiioms of Solid Hydrocarbomb vna Metallic 
Chlorides. 

Watson Smith has proposed to employ fused antimonons 
chloride and hismuthous chloride as reagents for the discrimina- 
tion of solid hydrocarbons. For this purpose a small quantity 
of the crystallised chloride ia placed in a small porcelain 
crucible and melted, and then further heated over a small flame. 
A small particle of the hydrocarbon to be tested is next placed 
on the side oi the crucible, which is then so inclined that the 
melted chloride cornea in contact with it. Fusion follows, accom- 
panied in many cases by a coloration. On restoring the crucible 
to a vertical position, the colored spot elongates and forms a colored 
streak. Tested in this way, the hydrocarbons give the reactions 
shown in the following table: 
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„„.,...«.,. 


Chloudk. 


''^^^^sall^.^T 


Nsphlbaleue, pare. 


No OTioraldon. During 
cooling, cliarocterutic 
rhombic Ubies form in 
tbfl fbsed chloride. 


No coloration. Dar- 
ing cooling, yeUow, 

separate. 


Naphthalene, impure. 


More or Ices carmine col- 
oration. 


More or lees oituige 
coloration. 


DiphMjl. 




No reaction. 


PbenaDthreDe. 


Difflcnltly eolnble. Faint 


Brovrn or greenish 

brown. 


Antbraoene. 


Traces e*en give a yellow- 

leaa neediM formed dar- 
ing cooling. 


Purple-black colora- 
tion ; Tei7 charac- 
teristic 




No coloration. 


No reaction. 


"■"•"• 






CfaiTseiie. 


Traces even produce gold- 
en-yellow color. 


■■ 


BUIbene. 


At 40° C. amallest trace 
gives orange color, de- 
stroyed at higher tem- 
peratnre. 






No reaction. 






color with excess. 





Behavior of Solid Hydrocarbons with Chromic Acid. 

Whea treated with oxidising agents, anthracene and many of 
the bodies occurring in association with it yield characteristic 
oxidation products. The beat method of obtaining these bodies is 
to act on the hydrocarbons hy a solution of chromic acid in glacial 
acetic acid. When the object is to obtain the immediate products 
of the oxidation, the treatment should be of limited duration 
and the oxidising agent should be employed in theoretical quantity 
or very moderate excess, but otherwise the process should be 
conducted as described on page 229. The following is an epit- 
omised account of the products obtained by the action of chromio 

VOL. II, PT. II.— 15 
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acid in acetic solution on the principal constituents of crude an- 
thracene : 

Naphlkatene is apt to be bompletelf oxidised to carbon dioxide 
and water, but by careful treatment may be converted into naph- 
thalquiuone, CigH,0„ and ultimately into phthalic acid, C^HfOt- 

Aeenaphtkene is oxidised to naphthalic acid, Ci,HbO,. 

Diphenyl yields benzoic acid, CjHgO]. 

Fluorene is oxidised to di p hen ylene- ketone, CuHtO, which is 
volatile in a current of steam, and is deposited in crystals from its 
solution in alcohol. 

Phenajilhrene ia transformed by the chromic acid mixture into 
phenanthraquinoue, CnHaOi, and this is ultimately converted into 
diphenio acid, which is susceptible of still further oxidation. 
Phenanthraquinoue crystallises in dark orange-yellow prisms, 
melting at 198° C. It is sparingly soluble in hot water, but dis- 
solves freely in benzene and acetic acid. Ignited with soda-lime it 
yields diphenyl, (C.Hi),, in almost the theoretical proportion, 
whereas anthraquiuone gives benzene when similarly treated. The 
two bodies also difier in their behavior with the acid sulphites of 
the alkali- metals, with which anthraquiuone does not combine. 
Phenanthraquinoue, when warmed with solution of sodium hydrogen 
sulphite, ia dissolved and may be reprecipitated by mixing the 
filtered liquid with hydrochloric acid. This reaction may be used 
for the detection of pheuanthrene. The hydrocarbon is oxidised 
by warm chromic acid mixture, the oxidation -product treated with 
alkali, and then warmed with the sulphite solution. PyrenequinoDe 
gives a similar reaction. 

If a few drops o{ commercial toluene be added to a dilute solution 
of phenanthraquinoue in glacial acetic acid, and, after thoroughly 
cooling, concentrated sulphuric acid be then added, drop by drop, 
and the resultant solution treated with water after a few minutes, a 
coloring matter separatee out which is dissolved with splendid 
violet-blue coloration on agitation with ether. This reaction de- 
pends on the presence of methylthiophene (thiotolene), C,H^, 
in the toluene used (see page 165). 

Reudophenanthrene yields a yellow qninone, fusing at 170° and 
soluble with facility in alcohol and cold benzene. 

Anthracene is converted by the chromic acid treatment into an- 
thraquiaone, CnHgO,, which ia an exceedingly stable body, resisting 
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further action to a remarkable degree. Its properties have already 
been fully described (see p^e 209). 

Methylatitkracene is eoDverted into soluble anthraquinone-car- 
boxylic acid, C,.H,0, . COOH. 

Ftiivranihrene is converted by the chromic acid mixture into 
fluor&Dthraquinone, CuHgOi, and an acid soluble in alkaline 
liquids. 

Pyrene yields pyrenequinone, C](H,Ob which forms reddish crya- 
tals. It yields finally, and with some difficulty, produota soluble in 
alkali. 

i£ef«neforma retenequinane, CigHiaOi, and other produGla. Betene- 
quiuone is a brick-red powder, cryBtallising from alcohol in orange- 
red needles, melting at 197° G. It can be further oxidised only 
with great diflSculty, and is insoluble in cold and dilute soda, but is 
dissolved by hot concentrated alkalies. 

(^rytene yields chrysoquinone, CuHi^Ot. and is afterwards con- 
verted, with some difficulty, into phthalic acid, CiH;0,. Chryso- 
quinone has a deep-red oolor, melts at 236° C, and diaeolvee in 
strong sulphuric acid with deep indigo-blue coloration. 

Bemerylhrene yields soluble products under the chromio aoid 
treatment. 

C/iryaogene, said to exist in considerable quantity in certain 
kinds of anthracene (see page 217), is alleged to be completely and 
readily converted into soluble products by the chromic acid mixture^ 
This is doubtful, for — 

Imidophenylnaphtkj/l (described on page 219), yields a quinone 
of the formula Ci(H,N,Oi, which forma red dish -yellow needles and 
obstinately resists further oxidation. It appears always to be pro- 
duced by the oxidation of anthracenes which give banded absorp- 
tiou-spectra of the nature described on page 219, and leads to 
excessive estimates of the yield of real anthracene. The quinone 
is destroyed by prolonged treatment with fuming sulphuric acid at 
100° C. 

The paraffin in crude anthracene ia practically unaltered by treat- 
ment with the chromic acid mixture. 

A dark-green hydrocarbon, fusing at 271° C, is occasionally 
present in anthracene. It is soluble with difficulty in glacial 
acetic acid, and should, if present, be separated as far as possible 
by this solvent before employing the chromio acid mixture, as its 
oxidaUon is very difficult to affect. 
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Assay of Crude Anthracene. 

Commercial crude anthracene is a green or brow uish -green 
friable masB or crjetalliiie powder. It coDtains a very variable 
percentage of real anthracene, the usual proportion being from 30 
to 40 per cent., though formerly 15 per cent, was common, and 
special makes uov assay over 80 per cent. It cannot be too 
strongly insisted on that the true value of a sample of crude 
anthracene is dependent not merely on the proportion of real 
anthracene contained in it, but also on its comparative freedom 
from objectionable impurities. 

The parc^tt existing in Scotch and north-country anthracenes 
has a high melting point, and little solubility in either petroleum 
or coal-tar naphtha. It dissolves in the hot liquids, but ia almost 
entirely deposited on, cooling. A small percentage of this parafGn 
greatly impedes the subsequent treatment of the anthracene, and, 
being a very stable substance, it passes through most of the pro- 
cesses unchanged. Experience has proved that in the operation of 
oxidising anthracene on a large scale, by treatment with potassium 
bichromate and dilute sulphuric acid, all other admixtures may be 
dealt with and to a great extent removed, but paraffin resists the 
oxidising action, melts, and retards the operation to a hopelees 
extent. Hence a search for this objectionable impurity should 
never be omitted, unless it be known to a certainty that bituminous 
shale or cannel coal has had no share in the production of the 
sample. It may be detected and determined in crude anthracene 
in the following manner: 10 grm. of the sample is treated with 108 
cc. of strong sulphuric acid. The mixture is heated on a water- 
hath for about ten minutes, or until the anthracene is completely 
dissolved. Any considerable quantity of paraffin will rise to the 
surface in the form of oily globules. The solution obtained is 
cautiously poured into £00 cc. of water contained in a tall beaker. 
After being thoroughly stirred the liquid is allowed to cool, when 
any paraffin will rise to the surface, and, having solidified, can he 
removed, washed with a little cold water, dried between blotting 
paper, and weighed. From 2 to 6 per cent, is the quantity com- 
monly present in Scotch anthracenes. 

Hensler and Herde^ employ the following method for esti- 
mating the paraffin in crude anthracene: Two grm. of the sample 

'Zti-i./. Anj. Clitm., 18BS, 283; Abit J. S. C. /, I8»S, 828. 
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Kre weighed into a 150-c.c. flask, and fumiag nitric acid added 
slowly, — at first, drop by drop, — the flask beiog kept cooled by ice- 
water. Ailer the mass baa been completely digested with the acid 
the flask is warmed on the water-bath until the undissolved mate- 
rial melts. Tbe mixture is allowed to cool, filtered through asbes- 
tos, the filler washed thoroughly with fuming nitric acid, and then 
with water until a drop of the filtrate gives no turbidity with water. 
The filter is washed with alcohol and subsequently by warm ether 
to dissolve the paraflSu. The alcohol filtrate is evaporated in a 
weighed diah, the ether solution added and evaporated, the residue 
dried for thirty minutes at 105° to 110" C. and weighed. 

According to B. Nickels, samples of crude anthracene contain- 
ing imidophenylnapkthyl (page 219) show the highly characteristic 
ahsorpti on -spectrum of this body; two broad, well-defined black 
bands between F and G and another slightly more refrangible 
than G. Samples exhibiting these bands are purified with some 
difiSculty, and yield by oxidation an impure anthraquinoDe coa- 
taining many amorphous particles. For observing the spectrum 
of the sample, about 0'25 grm, should be dissolved in 6 c.c of 
warm benzene, the liquid passed through a dry filter, and observed 
with a spectroscope. A micro -spectroscope or a direct-vision pocket 
spectroscope will suJBce. The intensity of the absorption -bands is 
an approximate measure of the objectionable impurities of the 
sample. 

Antbbaquinone Test. — For the qwmlitaiive assay of commercisl 
anthracene the most satisfactory method is that based on the 
formation of anthraquinoue by the action of chromic acid. This is 
a characteristic, insoluble body, not liable to further change, while 
nearly all the associates of anthracene are, by the same treatment, 
either completely oxidised or else converted into products readily 
removed by water or dilute alkali (see page 225). 

This method was first proposed by E. Liick, and, with suitable 
modifications, afibrds a very satisfactory solution of a difficult 
problem. The following mode of operating is essentially that of 
Meister, Lucius, and Bruoing, with some precautions and 
modifications recommended by G. E. and T. H. Da v is, who verified 
the accuracy of the method by operating on pure anthracene and 
impure samples of known composition. The test is commercially 
known as " Meister, Lucius and Briining's antbraquinoue test, 
with appendix." One grm, of the carefully sampled specimen is 
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placed la a flask of 500 cc. capacity. 45 c.c. of the very atrongeet 
glacial acetic acid is then added, and an inverted coDdeoser or long 
gluB tube adapted to the dask. The liquid is then brought to the 
boiling point, and, while boiling, the chromic add is 
added to it gradually, drop by drop, by means of a 
tapped funnel passing through the india-rubber stopper 
of the flask, or inserted in the top of the vertical con- 
denBer(fig. 9). The chromic acid solution is prepared 
by dissolving ISgrm. of crystallised chromic anhydride 
(perfectly free from lead salts and insoluble matter 
generally) in 10 cc. of water and 10 c.c. of glacial 
acetic acid. The addition of the oxidising agent should 
occupy two hours, and the contents of the flask should 
be kept in continued ebullition for two hours longer, 
four hours in all being necessary to ensure complete 
oxidation of the impurities. The flask is then left at 
rest for twelve hours, when the contents should be 
diluted with 400 c.c. of cold water and allowed to rest 
another three hours. The precipitated anthraquiuone 
is then filtered off and well washed with cold water. 
It is next washed on the filter with a boiling-hot 1 per 
cent, solution of caustic soda, and again thoroughly 
washed with boiling water, about 300 c.c. being employed. The 
anthraquicone, which should exhibit no alkaline reaction, is then 
rinsed from the filter into a small dish by means of a jet of water, 
the water evaporated off, and the residue dried at 100° C. and 
weighed. 

The anthraquinone obtained in the foregoing manner Is rarely 
lufficiently pure to allow of the percentage of real anthracene in the 
sample being at once calculated from its weight. Several methods 
have been proposed for the further purification of the crude product, 
but the following improved "appendix" by Meister, Lucius, 
and Bruning, commercially known as the "sulphuric acid test 
of October, 1876," is now universally employed. The crude 
anthraquinone is mixed in the dish in which it was weighed, with 
ten times its weight of fuming sulphuric acid having a specific 
gravity of I 880 at 60" F., and the whole heated to 100" C. on a 
water-bath for ten minutes. The solution obtained is next left in a 
damp place for twelve hours to absorb water. 200 c.c. of cold 
water are then added, the precipitated anthraquinone collected on 



.vGoogIc 



AHTHItAQOlNOMB TEST. 231 

a filter, and washed free from acid with cold water, then with about 
100 c. c. of boiling Bodiu ID hydroxide solution (1 per cent.), and fioally 
with about 400 c.c. of boiling water. The character of the quinoae is 
an indication of its purity, a deep yellow or orange tint indicating the 
presence of pheoanthrene- or cbryeene -qui none. The latter body is 
also recognised by the production of an indigo-blue coloration on 
adding the sulphuric acid. With impure anthraquinones both the 
acid filtrate and the alkaline washings are deeply colored, — brown, 
purplish, and bluish tints being the moet common. 

The greater part of the moist anthraquinone is then transferred 
to a flat platinum or porcelain dish by means of a spatula, the 
remaining portJOD being rinsed off the filter into the dish by means 
of a fine jet of water. The water is then evaporated off at 100°, 
and the residue weighed. An alternative method is to dry the 
anthraquinone on the filter, and then remove it. To avoid loes, the 
stained portion of the filter may he cut small and heated in a teat- 
tube with about one cc of bensen& The resultant sola tion is 
poured off into a small dish, and the residue obtained by its evapo- 
ration added to the main quantity of anthraquinone. The difference 
in the result caused by the benzene treatment often amounts to 0'2 
per cent, of the crude anthracene, owing to the loss in the other 
methods by imperfect removal from the filter. Hence, when the 
analyst is not limited by the couditions of the contract-note, 
treatment of the filter with benzene should Dot be neglected. 
Either of the foregoing methods of treatment is preferable to weigh- 
ing the anthraquinone on the filter, which is apt to be altered in 
weight by the reagents employed, though this source of error may 
be to a great extent avoided by using a double filter, the apex of 
the outer one being cut off. The weights of the two filters are accu- 
rately adjusted before use by trimming with a pair of scissors, and 
on weighing the anthraquinone, the outer filter is used as a counter- 
poise to the inner. 

H. Bassett' has proposed the following modification of this 
method : After the washing of the anthraquinone collected on the 
filter, it is dried in the water-oven and then transferred to a fiaak 
of the usual size, with a short and wide neck, using a small wash- 
bottle containing 45 c.c. of glacial acetic acid to riose the filter-paper 
and funnel. (The hardened filter-paper now furnished would prob- 
ably serve well.) 10 cc. of pure nitric acid (>*p. gr., 1'4) and 

•CH™. A'.w.,73(lBflB), 178; AhfU .1. S. C. I., 1888, 38S. 
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2'6 c.c. of chromic acid solution are added, and the mixture boiled 
for an hour, using a reflex condeuBer. The flask is allowed to 
stand avernight, then diluted to 400 c.c, filtered, washed with water, 
and then with boiling solution of sodium hydroxide as above. 
Bassett' states that samples of chromic anhydride often contain 
considerable sulphuric acid, but this does not interfere seriously 
with the teat. 

The weight of anthraquinone thus obtained ought not to be 
regarded as representing that of the pure product, as it uanally 
contains extraneous matters, such as rantl, and frequently chromium. 
Some anthracenes yield anthraquinoneswhiqh carry much chromium 
sesquiozide. Hence the dish should be gradually heated bo as to 
completely euhlime the anthraquinone, and the residue obtained 
deducted from the weight previously found. This corrected weight 
of the anthraquinone, multiplied by the factor 856, gives the real 
aDtbracene in the weight of the sample employed. 

The anthraquinone obtained by the above process should be crys- 
tallised, and of a uniform pale-yellow color. The purer it is, the 
paler the color. Certain strange quinonea are apt to be present in 
some cases, and are recognisable by the modified form of the crystals 
and the color of the product. Phen anthraquinone is orange, and 
chrysene-quinoue deep red. Coutinued treatment with the chromic 
atud mixture removes all these bodies, but does not affect the qui- 
Done, Ci|H»NO„ produced by the oxidation of imido-phenylnapbthyl 
referred to on pages 219 and 229 as giving a characteristic absorp* 
tion -spectrum. This foody, unlike the quinones from phenanthrene, 
cbryeene, &c, tends to prevent the crystallisation of the anthra- 
quinone, and is one of the sources of the so-called "amorphous 
particles" which are frequently present in sufficient quantity to 
obliterate all trace of crystallisation in the oxidised product This 
troublesome impurity may, however, be destroyed by a somewhat 
longer-continued heating with sulphuric acid in the manner already 
described, and hence this supplementary treatment should never be 
omitted in the case of samples which originally showed absorption- 
bands, or which hare produced crude anthraquinones or unhealthy 
appearance. 

I Ch-in. -Vfx-., 71(18»S), IU2. 
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DeTEBHIMATIOII OF ANTHRACENE IN TaR AND PlTCH. 

FortbedetermiDationof aDthraceDeincoal-tar.C. Nicol' distils 
20 grm. in a small luted retort, and the vapors are received in a 
U tube, kept at 200° C. by being immersed in a bath of hot paraffin. 
The more volatile products are not condensed, but the authracene 
and other hydrocarbons of high boiling point collect in the U-tube. 
Care must be taken to prevent bumping, and the condensation of 
the distillate on the neck and sides of the retort. When the 
contents of the retort become coked, the process is stopped and the 
neck is cut off, pounded, and the powder added to the distillate. 
The whole ia then dissolved in glacial acetic acid, and subjected to 
oxidation with the chromic acid mixture in the manner already 
described. Watsoa Smith considers 20 grm. lar too small a 
quantity. He operates on at least a litre, and rejects the por- 
tion distilling just before .coking, as it contains much resinous 
matter of an objectionable kind, and would not in practice be 
treated for anthracene. The anthracene oil ia well mixed and an 
aliquot part oxidised. 

In some cases it' ia preferable to reject the fraction distilling 
between 200° and 250° C, aa it contains little or no anthracene, 
and ID tara rich in naphthalene is so large in quantity aa materially 
to impede the subsequent treatment. The anthracene may be 
further concentrated by cooling the heavy oils to a low temperature, 
filtering, and pressing the deposit of solid hydrocarbons between 
folds of filter-paper. The crude anthracene thus obtained is then 
oxidised to anthraquinone in the usual way. Ordinary gaB-works 
coal-tar contains from 0'3 to 0-5 per cent, of real anthracene, but 
from the tar obtained from Simon-Carvis coke-ovens, Watson 
Smith obtained 073 per cent, of anthracene, and A. H. Elliott 
found as much as 2-63 per cent, in the tar produced in the manufac- 
ture of water-gas &oin petroleum naphtha. 

1 ZUti--. anal. Chtm., 1815, SIS; A.\Mt. J. CA™. .SV., 30 (1S76), S63, 
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PHENOLS. 



The bodies termed pheoola are iDtermediate in character between 
acids and the true aromatic alcohols, of which benzyl alcohol is 
the type. 

The UOHOHYDRiC Phenols have the general formula 
C.Hh,_,OH. Of these, phenol and cresol are described in the 
following aectiona. Thymol, CiDH,gOH, which is a higher homo- 
logue of these bodies, will be considered in connection with the 
essential cils. The naphthola, CmH,OH, which are cloaely 
related to the moD&tomic phenols, are described on page 201. 

The DiHYDKic Phenom or Hydroxyphenolb, C„Hn_j.(OH)„ 
are described on page 26S. Catechol (or pyrocatechin), resor- 
cinol.and quinol (or hydroquinoue) are isomeric bodies of the 
formula C^H^COH),. Orcinol, or orcin, C,H,COH)„ obtained 
from various lichens, is a phenol homologous with resorcinol. 

The Tbihtdrio Phenols or Dihydroxtphenoi^ are repre- 
sented by pyrogallol and phIorogluool,C»H,(OH),. 

Certain ethers of catechol and pyrogallol are described in the 
section on " Wood-tar Creosote" (page 277), in which liquid they 
are present in lai^ proportion. 



MONOHYDRIC PHENOLS. C.H^_,OH. 

The monohydric phenols form a homologous series, of which 
phenol proper, or carbolic acid, is the first inember, and the cresols 
form the next homologue. 

Of the higher members of the series, some exist in the tars pro- 
duced by the distillation of coal and wood (e. g., xylenols) ; others in 
certain natural essential oils (e.^., thymol); while others agun have 
hitherto been obtained by synthetical reactions only. The higher 
monohydric phenols present a close resemblance to phenol in 
234 
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their general cbaracteristios. They maj' be distilled without 
deoompoeition, are but Biightl; soluble in water, but diMoWa 
readily in aqueous alkalies, alcohol, and ether. 

The moDohydrio phenols may be regarded ae being formed from 
benzene and its homolc^ues by the substitution of a molecule of 
liydroxyl for an atom of hydrogen in the principal chain. All 
but the lowest term are susceptible of isomeric modifications, 
according to the relative positions of the hydroxy! and other 
subetituted radicals in the benzene nucleus. 

The difference in structure between the monohydric phenols aud 
the true aromatic alcohols, typified by benzyl alcohol, is shown by 
the following example, all four bodies having the empirical formula 
CH,0:— 



<|.l) Heturesol (1-S) Pmnerao! ([-«). 

OH OH OH CH,OH 

Cr O. 



The mmuAydrie pkentila are diatingniahed from the akohoU of the 
benzyl teriee by the following reactions: — 

a. Hydrochloric acid is without action on the phenols, but (e. g.) 
converta benzyl alcohol into benzyl chloride, C3cGH|CI. 

(. Phenol readily dissolves in concentrated sulphuric acid to 
form phenoleul phonic acids, while benzyl alcohol is resinified by 
similar treatment. 

c On treatment with oxidising agents the phenols yield quinones, 
but Itenzyl alcohol yields benzoic acid. 

d. Kitric acid converts the phenols into well -characterised nitro- 
derivatives of acid character, but l>enzyl alcohol is oxidised by the 
same reagent to benzoic aldehyde and beazoic acid. 

e. The phenols dissolve in sotutiousof alkalies to form compounds 
in which they play the part of ao acid. The acid character is less 
marked in the higher members of the series, but the chloro- and 
nitro- derivatives have strongly acid properties, not only dissolving 
in solutions of alkaline hydroxides, but decomposing carbonates 
with effervescence and forming definite and stable salts. 

/. Ferric chloride produces a characteristic blue or violet color 
with many of the phenols and their derivatives. 
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g. On adding hydrochloiio acid to the aqueous BolulJon of a 
phenol, immersing a slip of pioe-wood and allowing it to dry, a 
blue color is developed. 

h. The phenols react immediately with excess of bromine water 
to form bromo-derivatives (usually containiiig Bfj), which are usu- 
ally white or yellowish, aod are insoluble or nearly insoluble bodies. 

The reactions of the phenols of service for their reco^ition are 
described more in detail on page 241. 

Phenol. Carbolic Acid. Pbenic Acid. Phenyl Alcohol. 
Hydruxybeozeue. C^HgOH. 

Phenol is a product of putrefaction, and is formed in various 
analytical and synthetical reactions, but the principal source of com- 
mercial interest is the fraction of coal-tar distilling between 150° 
and 200° C. On treating this with caustic soda, phenol and iu 
bomologues are dissolved, together with a certain amount of naph- 
thalene and other indiSerent bodies. These are partially precipi- 
tated on diluting the alkaline liquid, and become further oxidised 
on exposing the solution to the air. On trealingtfae liquid with an 
excess of sulphuric acid the liberated phenols form an oily layer, 
which is separated from the aqueous liquid. Front the crude 
material so obtained, pure phenol is obtained by fractional neu- 
tralisation, the bomologues having leas defined acid properties. 
On again liberating the phenol from its sodium compound a product 
is obtained which is fractionally distilled. The portion passing over 
within a few degrees of 182° C. is subjected to a freezing mixture, 
when crystals of phenol form, which are separated from the liquid 
by a centrifugal machine. The product maybefurther purified by 
a repetition of the process. 

For the syutiietic preparation of phenol several methods may be 
employed, two of which are of sufficient importance to be briefly 
described.' The first, or sulphonate method, is similar to that 
used in preparing the napbthols. Pure benzene, free from thio- 
pheue, is placed with about five times its weight of strongest 
commercial sulphuric acid in closed cast-iron pots. While the 
mixture is slowly stirred the vessel is gently heated with steam in 
such a manner that the vapors of benzene which pass over into 
the cooler are continually returned to the kettle. After a number 
of hours the reaction is finished, and the benzene not acted on is 

■ H. W. Jajne, Amtr. Jour. Piarm., 1S91 ; Abti. J. S. C. I., 1892, 2S4. 
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collected as it flovs from the cooler. The crude ben zenesul phonic 
acid formed, mixed with the ezceas of sulphuric acid, is allowed to 
cool, and then dilated with water id a lead-lined tank. Slaked 
lime 18 added to the hot solution in sufficient quantity to render 
it faiutly alkaline, and the calcium sulphate formed separated by 
means of a filter-pre«. The clear liquor containing calcium 
benzeneeulphonate is treated with sufficient sodium carbonate to 
precipitate all the calcium aa carbonate, and the filtered liquid is 
evaporated to dryueas, leaving the 8ulphana(« as a white powder. 
Sodium hydroxide is then melted in a cast-iron kettle, and small 
portions of the dry sodium kenzeuesulphonate, prepared as above, 
are gradually added, the whole being kept in quiet fusion for 
some time. The melt now contiuna sodium phenal«, sodium sulphite, 
and the excess of sodium hydroxide : 

C,HtSO,Nft + 2N«0H = C,HeONa + Ha,SO, + H,0. 

It is ladled from the kettle into pans and allowed to cool, 
broken up, dissolved in water, and the solution acidified with sul- 
phuric or hydrochloric acid. The phenol thus liberated separates 
from the concentrated salt solution, and is distilled. 

Id melting the sodium benzenesulphonate with sodium hydrox- 
ide it is necessary, in order to obtain a good yield, to use a very 
large excess of the latter. A better yield is obtuned with potas- 
sium hydroxide. 

It has been proposed to treat the melt, after dissolviug in water, 
with carbon dioxide, which would liberate the phenol equally as well 
as a stronger acid, and in addition would form sodium or potassium 
carbonate, which, together with the sulphite already present, could 
be converted into the hydroxide by treating with lime, and this used 
fur a second operation. 

The second method is much simpler. A pure aniline oil, prefer- 
ably that grade called " aniline for blue," is dissolved in water in a 
lead-lined tank covered with a hood, and provided with stirrers and 
leaden steam-coils. The solution is acidulated very strongly with 
sulphuric acid, and to tho hot liquid a solution of commercial 
sodium nitrite is gradually added, when phenol is at once formed. 

In this reaction the sodium nitrite in contact with the acid solu- 
tion liberates nitrous acid, which forms diazobenzene sulphate with 
the aotline sulphate : 

(C;H,NH,),H^4 -I- 2HN0, = (C,H»N,},SO, + 4H,0! 
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but, as the solution is hot, the diazo-oompound at once decumpoees, 
with the formation of phenol and erolutioii of nitrogen : 

(CH,N,)^, + 2H,0 = 2CHtOH + H^. + <N. 

Pure phenol may be prepared hj heating cryHtallised salicylic 
acid, either alone or mixed with pounded glass or lime, strongly and 
rapidly in a glass retort. Phenol passes over into the receiver, 
and crystallises almost to the last drop. 

Pure phenol is a colorleea solid, crystallising in long needles and 
melting at 422° C. to a colorless, limpid fluid, slightly heavier than 
water, which boils at 182° C. and distils without decomposition. 
Specimens having a lower melting point than 42° C. contain cre- 
Bols or water. The taste of phenol is biting, hut at the same time 
Bweet. The odor is usually strong and characteristic, but both smell 
and taste are much leas marked in purespecimena than iu the crude 
article. 

The crystals of phenol readily absorb water from the air, 
whereby the fusing point is lowered, owing to the formatioD of a 
hydrate, of the formula 2CgH40 -f HjO. This hydrate contains 
8'74 per cent, of water and melta at I7'2° C. It forms large, six- 
sided prisms, which in very moist air absorb still more water, 
forming a product which is fluid at ordinary temperatures. 

When cold water is gradually added to absolute phenol aa long 
as it continues to be dissolved, a liquid is obtained which contains 
about 73 per ceoL of phenol and 27 of water. This approximately 
agrees with :the composition of a hydrate of the formula QHiO -f 
2H,0; but the fiujt is probably merely a coincidence, as the pro- 
portion of water depends greatly on the temperature, and the 
liquid gives up its phenol to benzene, and deposits crystals of the 
hydrate melting at 17'2'' C. when subjected to a freezing mixture. 

The liquid hydrate dissolves in about ll'l times its measure of 
cold water. This corresponds to a solubility of 1 part by weight in 
10'7 for the absolute acid, the saturated solution containing 8'56 
per cent, of real phenol. In hot water phenol is much more 
soluble, and is miscible iu all proportions at about 70° G. ; but in 
water saturated with sodium chloride or sulphate it is but slightly 
soluble Anhydrous phenol is miscible in all proportions with 
alcohol, glacial acetic acid, glycerol, ether, benzene, carbon disulph- 
ide, and chloroform. When a^ueou* phenol is shaken with excess 
of any one of the last four solvents, the phenol dtsaolvAS and 
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the contained water is separated. AccordiagtoStaveley, absolute 
phenol is soluble in petroleum spirit, but is separated by water. 
This separation is prevented by the presence of from 20 to 25 per 
cent, of benzene. 

The above etatements us to the solubility of phenol are the result 
of the author's own experience. The solubility is often misstated, 
partly owing to the use of an acid oontaining cresol.and partly 
from a confusion between the absolute and the hydrated acid. 

Phenol coagulates albumin, is a powerful antiseptic, acts as a 
caustic on the skin, and is powerfully ptntonove. Its local action is 
much influenced by the solvent; it is stated that the solution in 
pure glycerol or absolute alcohol ia scarcely caustic. Strong phenol 
dissolves gelatin completely, but coagulates it when added to ita 
aqueous solution. Indigo-blue (indigotin) is soluble in hot phenol 
and may be obtained in crystals on cooling the liquid. 

By the action of fused sodium hydroxide on phenol, phloroglucol, 
catechol, and resorcinol are formed, together with other products. 

Phenol is converted by the action of chlorine and bromine into 
chloro- and bromo-derivatives (page 244). Nitric acid acts on it 
with formation of nitrophenols. Concentrated Bulphuric acid con- 
verts phenol into phenolsulphonic acids. Hydrogen dioxide con- 
verts phenol into catechol, bydroquinone, and quinone. 

Moist phenol turns red ; the color has been ascribed to various 
impurities — e.g., thiophene. Koha and Fryer' have carefully 
investigated the subject and state that the change is due to the 
oxidation of the phenol itself, dependent, in part at least, on the 
absorption of water. A well-known German bouse advertises a 
pure phenol, " guaranteed not to redden under the usual precau- 
tions of keeping," but the precautions are not stated. 

According to J. Walter,* ferrous salts increase tfae liability of 
phenol to turn red, the iron in ordinary bottles being sufficient 
to cause contamination. Walter states that a sample of phenol that 
began to redden in ten days in a bottle made of glass containing 
iron, remfuned colorless for several months iu a bottle of the 
same kind of glass that had been coated on the inside with paraffin. 

Phemates. 

Although its aqueous solution does not redden litmus, phenol is 
much more soluble in weak alkaline solutions than in pure water. 

< J. S. C. I., tSej, lOr. * Clen. ZtH. Btp., 1899, 47. 
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With equivalent amounts of the strong bases it forms compounds 
which are difficult to obtain in a definite form. The potassium aud 
sodium compounds are readily eoluble in water, and the solutions are 
not decomposed on diiution, Pota»»ium pkertate, C«H]OK, obtained 
by heating phenol with potassium or potassium hydroxide, crys- 
tal It zes in slender white needles soluble in ether, DeForcrand' 
proposes to distinguish two seriee of derivatives — namely, " true 
phenatea," corresponding to the general formula C(HiHO,MHO, 
and phenoxides, CHiMO, the bodies of the latter class being 
capable of assimilating water so as to become. metameric with the 
phenates. 

Phenol Ethebs. 

On beating potassium phenate with alhyl iodides, ethers are 
produced. Methyl pkenaie, or anisoil, C«HtOCHj, is a mobile liquid 
of pleasant, aromatic odor, having a density of 0*991 and distilling 
unchanged at 152°. Itadissolves in strong sulphuric acid to form 
methyl phenolsulph on ic acid, and with bromine yields substitution- 
products. Ethyl phenate and amyl phenate resemble the methylic 
ether. 

Phenol Ebterb. 

Besides the foregoing bodies, which are of the type of the mixed 
ethers, manj phenol esters are known, but have little practical 
importance. The production of phenol orthoxalate has been 
observed to occur in the manufacture of aurin ; phenyl salicylate 
constitutes the antiseptic known commercially as "aalol." 

BShal and Choay' have prepared the bemoaiet of various 
phenols, and recommend the method for their diSereutiaUon. With 
the exception of the orthocresyl compound, the benzoates are all 
crystalline solids, insoluble in water but very soluble in moat 
organic solvents. They are prepared by the action of benzoic 
chloride on a solution of the pbenol dissolved in excess of sodium 
hydroxide. The table on next page shows the melting and boiling 
pointsof the phenols and their benzoates.aa recorded by BShaland 
Choajr, whose figures in some cases differ considerably from those 
of previous observers. 

1 Abet. /. ,S. C.I., 1893, «18. 

• Comp. re„d., U8 (1894), 13] I ; AUt. J. C. S.. 18(M, MB. 
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1 : 3 : S-metaxyljl beDzoate melted &t 24° aod boiled at 326°. 
1:2: 3-metaxjienol could oot be obtained. Parethy I phenol ia 
identical with the body Hometimes called a-ethylphenol. 

Detection and DiTrEBuiNATioN of .Phenol. 

The following reactloiiB are in moat caMS common to phenol 
and the creaole. They do not require that tbo eubetaoce should 
be in a concentrated state, but are applicable to the aqueous solu- 
tion. Many of them have been verified by the author. Various 
other reactions are described lu the secUona on " Creaylic Acid " 
and " Creosote." 

a. When a drop of a dilute aqueous solution of phenol is added 
to a few drops of a solution of 1 grm. of molybdio anhydride 
in 10 c.c. of concentrated sulphuric acid, contained in a porcelain 
crucible, a yellowish -brown spot is produced, which rapidly changes 
to purple, the latter tint being tolerably permanent. Warming the 
mixture to about 60° C. greatly asBista the reaction, but a higher 
temperature must be avoided. As this test depends on the deoxi- 
datiou of the molybdic anhydride, many substances interfere with it. 

b. Ferric chloride (avoiding excess) gives a fine violet color, by 
which 1 part of phenol in 3000 of water can be detected. Many 
allied bodies give a umilar reaction (see pages 266, '2Sii'). The 
presence of common salt, nitre, or boric acid is unobjectionable, but 
the reaction is hindered by most mineral and organic acids, acetates, 
borax, sodium phosphate, glycerol, alcohol, amyl alcohol, and 
ether. 

e. If an aqueous solution of phenol be gently warmed with 
ammonia and a solution of aodium hypochlorite (avoiding excess), 

VOL. II, PT. II.— 16 
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a deep-blue color is obtained, which is permuieDt, but turne to red 
on addition of acida. Solutiona cuntaioiog 1 part of phenol in 6000 
of water react well when 20 c.c.are employed. Much smaller quan- 
tities give the reaction afler a time. 

A modified, and in some respects preferable, method of per- 
forming tlie test is to add to 50 c.c. of the aqueous liquid to be 
tested 5 c.g. of a mixture of one measure of ammonium hydroxide 
of 0'880 specific gravity with ninemeasuresof water, and then drop 
in fresh and dilute bromine-water very slowly, avoiding ezceas. 
The presence of phenol will be indicated by the production of a 
fine blue tint, which is very permanent. A still better plan is to 
expose the ammoniacal liquid to the vapor of bromine, avoiding 
excess of the latter. 

d. According to E. Jacquemin.iftoanentral solution of phenol 
a minute quantity of aniline be first added, and then a solution 
of sodium hypochlorite be dropped in, the reagent produces yellow 
striro, which change to a greenish blue. The reaction is said to be 
very delicate. 

e. If 20 c.c. of a dilute phenol solution be boiled with 6 or 10 
drops of Millon's reagent (prepared by dissolving mercury in an 
equal weightof fuming nitric acid, boiling, and diluting the solution 
with two measures of water), and nitric acid added drop by drop 
to the hot solution, until the precipitate is redissolved, the mixture 
assumes a fine bloodred color, which is permanent for several days. 
The reaction is exceedingly delicate, but is not peculiar to phenol.' 

E. Hoffmann modifies this test by pouring 2 or 3 c.c. of the 
liquid supposed to contain phenol on to the surface of an equal 
measure of strong sulphuric acid, so as not to cause the liquids to 
become mixed. A few granules of potassium nitrite are then 
dropped in, when each particle will produce violet streaks if even 
a very minute quantity of carbolic acid be present. 

I E. Ackormann {Ht^. Chim. Ind., ISS5, p. S2S) obtained the f>]lo<rm|( rcaulls 
whpD 001 Krm. of llio {jbonalold subalsnce wu octed on by obaut 20 dmpa of 
Millun'i rNKFat: Itccchnuod nniosote gave a reddiih-browD vnlonidun ia Ihe cold, 

cbunged to broflnirh-blnch. Creoanl and guamci>] both give », red ooloratlon Id the 
cold, dumping to roddith-bronn stYcr 15 minultm. On lieoting, the color bvonie 
brownish -black. Rcsnrcinol gare an oranne colorntion in tbo oold, uncbungtd after 
li minotM, but cbungfd to dcep-rcd on btaiing, «-Niiph[bgl giivo aa immedisto rod 
rolornliDD in tba cold, Bn<i ^-nnphthol giivo a broim coloration on heating. Pmttid«, 

colcimtionB which are often rory limilar to tboae given by phenoloida. 
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LiebermaDD has observed that strong Hulphuric acid to 
which a 6 per cent, aolutioii of potaasluni nitrite has been added 
gives a brown coloration, changing to green and b)ue when genttf 
warmed with phenol or its alliefl. 

/. The phenols give characteristic color-reactions with chloro- 
form and alkali. The phenol is dissolved ia chloroform, a email piece 
of potassium hydroxide added, and the solution boiled. The cbarao- 
teristic coloration is quickly developed. Seducing and oxidising 
agentsaffectthe reaction, alcoholsometimes accelerates and sometimes 
hinders it, ether nearly always impedes it. In aqneoua solutioiu 
the reaction is leas sharp ; in this case it is best to shake up with 
chloroform and proceed with the decanted chloroform as usual, or 
to extract with ether, boil the ether off, and dissolve the residue in 
chloroform. When testing for phenols in complex liquids, such as 
blood or the contents of a stomach, it is beet to acidulate and distil 
in a current of steam. The diedllatemay then be examined as above. 

The results of the test with some members of the phenol group 
are given on page 206. The following additional data relate to the 
behavior of substances not likely to be found in food or beverages 
when subjected to the for^;oing test : * 

Metaerewl. — As with orthocreool, but a more marked orange 
shade. 

Thymol. — Fine red coloration verfpng on purple, with a violet 
tinge, which is accentuated by the addition of a little alcohol or 
ether, and soon disappears. Limit of sensitiveoess, 1 : 20,000. 

GwiiacoL — Cherry-red coloration with a blue tinge, changing to 
violet-blue. Limit of sensitiveness, 1 : 100,000. 

Reeorcinol. — On warming gently, a cherry-red deposit on the 
potash and a brownish -yellow coloration of the chloroform ; the 
chloroform ultimately takes up the color, which is fairly stable. 
Limit of sensitiveness, 1 : 600,000. 

Qainol. — Biulsh-green coloration, soon disappearing. Limit of 
sensitiveDesB, 1 : 20,000. 

PyrogaUol.—k. reddish-brown coloration in the cold, which on 
warming takes on a green tinge, and on boiling soon disappears. 
Limit of sensitiveness, 1 : 300,000. 

Beiol. — Bluish-green coloration like j9-naphthol. In this last 
case it is best to boil with a little potassium hydroxide, before 

^MbiiLj. s. c. I., iseo, «T4. 
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adding; tbe chloroform in order to saponify the «ater. The colors 
then obtained are very characterietic 

g. Reaction of Fkenal with Bromine. — When bromine water ia 
added in moderate excess to an aqueous solution of phenol, ft snow- 
white crystalline precipitate is fonued, which readily collects into 
flocks on agitation, and appears under the microscope in the form 
of fine stellated needles. In presence of much creaylic acid or of 
certain other phenols the precipitate loeee its cryslalline character, 
and may even assume the form of yellow or reddish oily globules. 
In extremely dilute solutions the precipitate is only produced 
slowly; but in twenty-four hours a solution containing rirtsir''^ 
phenol gives the reaction. 

The reaction with bromine was employed by Landolt to demon- 
strate the eSect of a gas-works on tbe water of the neighboring 
wells; but the production of a white or yellowish precipitate with 
bromine-water ia by no means conclusive evidence of the presence 
of carbolic acid, a similar reaction being produced by homoiogues 
of carbolic acid (e. g., cresylic acid, thymol), besides other pheno- 
loid bodies (e. g., guaiacol, orcinol, pyrogallol, phlorogiucol), 
salicylic add, aniline, and various alkaloids. 

On gradually adding bromine to a moderately concentrated 
solutionof pure phenol, in a proportion notesceeding that necessary 
for the reaction CiHsOH 4- Br,=CH,BrOH -+- H Br, a white tur- 
bidity is produced owing to the formation of the S])aringly soluble 
moTiobi-omophenot (14:1000). If the solution be dilute, no actual 
precipitation occurs at this stage. On adding more bromine- water, 
a formation of dibromoph^nol, C(HjBr,.OH, takes place, but often 
DO further precipitation occurs until the bromine added exceeds 
the proportion: — CgH^OHBr,. On further addition of bromine a 
very bulky precipitaLe is produced, and when the proportion of 
phenol ia to that of the bromine as dKjOH to Br^, the whole is 
separated as the almost insoluble (1:14,300) and cbaracterisiic 
tribromophenol, C«H,BrjOH, By the action of excess of bromine the 
hydrogen of tlie hydroxyl is replaced, in addition to three atoms 
of the phenylic hydrogen, tbe reaction being :—C,HiOH + Br» = 
C.H,BriOBr -|- 4HBr. This body, tribromophenol bromide, crys- 
tallises in scales, is gradually decomposed by water, and reacts 
with potassium iodide in acid solution according to the equation : 

CH,Br,OBr -|- 2KI -|- 2Ha = C,H,BrpH + 3KC1 -|- 2HBr + 1,. 
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Keither the free iodine nor an excesa of potassium iodide has any 
effect on the tribro mo phenol. Hence, if it be desired to determine 
the amount of phenol in an aqueotis liquid, It may be effected by 
adding bromine-water in excess, followed by potassium iodide, and 
then titrating back with a standard eoluti'in of sodium thiosulphate 
in the usual manner. By operating in this way, it is a matter of 
indifference whether CtH,Br,OH or CH,Br,OBr be fiiat formed, 
as by the subsequent treatment with potassium iodide the latter 
body is converted into the former.' 

The formation of tribromophenol aa a means of determiaing 
phenol was first suggested by Landol t, who operated gravimetri- 
cally. The method was greatly improved by Koppeschaar, who 
devised a volumetric process. This method baa been modified by 
various chemists with more or less advantage. With this process it 
oftenhappens that the liquid, after being decolorized by thiosulphate, 

' TniBRONOPRiNOL. CilliBriOH. Thig bodj hu a rer; pecDllor aad penistent 
odor, inelti st 9!" C, tod readily volati1i>M. It b aliDOet inioluble in wntsr and di- 
lute arid llquida, but ii naililj golutalc in ether, ehlaFofarm, earbon disulphide, ete. 
It disHilTOB in absolute aleohoi, bat in prcciiiitated from the iwlatioti bj a rer; emull 

Tribromophenol hat markedaoid proportiee. It diniolTes in the fixed alkalies and 
Id ammonia, aod the laUer eolatian jielda on eTaporation sparingly eolabl eery stall ins 
needles of ammoninm tribnunophenate, NlIiOCiUtBn, and from thig other tribromo- 
phenata may be obtained b; donbie decamp otition. The mEtallio solution! must ha 
perfestly neutral, or a flooculent preeipitsle ol tribromophenol vill he obtained. The 
aiirer lalt ronns an orange-yellow flocoulent procipitnte, the enpric gait 19 reddish 
brawn and flooculent, and the lead gait white. The nickel salt ia Insoluble and dark 

The antbor bag inveitigated the reuctioni uf the iribTBmaphraatc, with a view of 
finding a moans of cetimBting phenol and ereiol in miiturei of the two, but hea met 
with only re!j partial guooeei, partly owing to the diffloulty of preparing a eoluble 
aalt of tribromooresal. The following difTerenoea were obserred in the reactions with 
neutral golulions of motallio saltg of affitDoninm tribromophenate and sodium tribromo. 
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acquires a blue color on standing. This is said to be caused by 
bromine (or iodine?) being retained by the oily tril>romocreBol,and 
only slowly dissolving in the supematant fluid. To overcome the 
difficulty L. deKoningh recommends that the liquid should be 
poured off and the insoluble matter dissolved in a little alcohol ; a 
20 per cent, solution of potassium iodide and some starch are then 
added, and the titration continued. 

A very simple means of determiniDg carbolic acid in soap by di- 
rect titration with bromine water is given in Volume II, part 1, page 
281, but the process there described is not adapted to yield result* 
of more than approximate accuracy. Very good results are obtain- 
able by the wet bromine process of determining olefins described on 
page 24. In some cases it is preferable to substitute for the bro- 
mine-water a standard solution of sodium bromate of knowD 
strength- A known quantity of the sample to be examined (con- 
taining from 0'2 to 05 of phenol) is introduced into a stoppered 
flask, together with a solution of potassium bromide and some 
dilute hydrochloric acid, and the liquid then diluted to about 100 
G.c. with water. A known volume of the standard solution of so- 
dium bromate ia then run in, sufficient being used to ensure a per- 
manent reddish coloration due to excess of bromine. The solution 
should contain 15'1 grm. of sodium bromate per litre. The flask 
is then closely stoppered, well shaken, and allowed to stand at rest 
for half an hour to ensure thecompletion of the reaction. By the re- 
action 6KBr + NaBrO, + 6HCI = 5KC1 -f KaCl + 3Br, + 3H,0, 
bromine is eet free and acta on the phenol. A solution of potas- 
sium iodide is then added in excess, and the liquid titrated back 
with a decinormal solution of sodium thioeulphate (24'8 grm. of 
the crystallised NajSjO, per litre), each 1 c.c. of which represents 
0008 grm. of bromine in excess of that which baa reacted with 
the phenol, 0094 grm. of which causes the disappearance of 0'480 
grm. of free bromine, or as much as will be liberated by 10 c.c. 
of the sodium bromate solution. Instead of preparing a standard 
solution of sodium bromate, it is preferable to compare the sample 
to be tested with otieof pure phenol. 

Titration in carbon disulphide solution is not applicable to the 
determination of phenol, the proportion of bromine required being 
much less than corresponds to the formation of tribromophenol, 
apparently owing to tbe formation of an additive- compound. Titra- 
tion by bromine in aqueous solution may be applied to a number of 
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phenoloid bodies with more or lees Bucceea, but an extengive series 
of ezperimeDts made in the author'u laboratory by J. C. Belcher 
gave very diBappointing resulta in many cases, apparently owing 
to the occurreace of secondary reactions forming quinonea, etc- 

k. An iodometria method of estimating phenol has been devised 
by Messiuger and NortmanD.' Three grm. of the sample are 
dissolved in a little mare than 4 grm. of sodium hydroxide 
CCHiHO + SNaHO), the soluUon made up to 500 c.c. Ten cc of 
this solution are now warmed to 60° C. in a email flask, and deci- 
normal iodine run in until the liquid has attained a deep-yellov 
color. The mixture is cooled, acidified with dilute sulphuric acid, 
made up to 500 cc, and an aliquot part (c g., 100 cc) titrated with 
decinormal sodium thioeulpbate. The amount of iodine used, cal- 
culated to the whole amount of the sample taken and multiplied by 
0'12S5, gives tbe phenol present. 

C. E. Smith' has investigated some common methods of assay- 
ing commercial phenol and finds them far from accurate. He 
recommends the following method as an improvement : One grm. 
of the sample is placed in a 100-CC flask, about 90 cc. of water 
added, the mixture briskly shaken, and tbe flask filled to the 
mark. Two cc of sample (002 grm.) are withdrawn, avoiding 
any undissolved matters, placed in a 150-c.c. flask, which can be 
tightly closed, 10 cc of water, 12 c.c decinormal bromine, and 
2 c.c of hydrochloric acid added, the flask closed and shaken well 
at intervals during half an hour. Two cc. of solution of potassium 
iodide are added in such a manner as to avoid loss of bromine and 
the liquid is then titrated with decinormal sodium thiosulphate 
until decolorised. If tbe sample contains a notable amount of 
cresol, the solution will again become yellow. This change should 
be promoted by brisk sbakiug after each addition of thiosulphate, 
which must be continued until the solution is colorless after 
prolonged shaking. The number of cc. of thiosulphate solution 
used, deducted from 12, gives the number of cc. of decinormal 
bromine required. 

A method for determination of phenols, devised by S. B. Schry- 
ver,* is based on the fact that sodamide, NaNH,, reacts with 
hydroxides according to the following equation ; 

NaNH, + C,HiOH = NH, + C,HtONa. 

■ J. S. C. /., ISSS, GfiS. 
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For each molecule of hfdroxjl decompoeed one molecule of amine 
is liberated. The proceaa coneiHts in bringing an excess of Bodamide 
into a solution of the phenol, using a solvent upon nhich the re- 
agent has no action. Benzene free from tbiophene baa been usually 
employed. The apparatus used is shown in figure 9. 

About 1 grm. of sodamide is finely ground, washed two or 
three times by decautation with pure benzene, and iutroduced into 
a 200 c.c. flask (A) connected with an inverted condenser. About 
60 C.C of benzene are added, and the mixture is then boiled on a 




water-bath, while a current of air free from moisture and carlwn 
dioxide is drawn continuously through the separating funnel, the 
lower end of which dips below the liquid. The boiling and aspirat- 
ing are continued for ten minutes, to draw off the lost traces of 
ammonia which adhere to the amide. Twenty c.c. of normal sul' 
phuric acid are introduced into the absorption bottle (C). The 
weighed portion of the sample, dissolved in about six times its weight 
of beuzene, is placed in the bulb of the separator funnel and Uie 
solution allowed to drop slowly into the mixture of sodamide and 
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benzene, nhich » kept boiling continuously and connected with an 
aspirator. As soon as all the solutioa has been added, the funnel 
is vashed with a little benzene, and air drawn through the appara- 
tus until no ammonia remains unabsorbed. One and a half hours 
are generally necessary for this, as ammonia is held rather obsti- 
nately by benzene. At the end of the operation the excess of acid 
is determined by titration (methyl -orange was generally used as an 
indicator). 

To obtain accurate results the materials used and the apparatus 
must be free from moisture. SufBcieot benzene must be used to 
hold the sodium compound la solution, and it must be free from 
sulphur compounds. A liberal aspiration of air should be em- 
ployed. No particular advantage results from substitutioD of tolu- 
eneor xylene for beuzene. The number of c.c. of normal sulphuric 
acid required to neutralize the ammonia produced by 1 grm. of the 
phenol is designated by the author of the process as the " faydrozyl 
value." 

Schryver found fused sodium acetate to be the must suitable 
dryiug agent for phenol. The process is applicable in tiie presence 
of many hydrocarbons which would act on bromine or iodine, but do 
not act on aodamide. It may also be employed for determin- 
ing the proportion of water in phenols, and for determinatjun of 
phenols in certain essential oils. 

Riegler'has described a method of determining phenol based 
on its reaction with paradiazonitraniline to form a soluble red 
diazD-com pound of the formula C,HiN0,N,CiHiONa. On strongly 
acidulating the solution with dilute sulphuric acid the correspond- 
ing diazo-acid separates practically quantitatively, and may be 
weighed afler drying at 100° C. The process is also applicable to 
thymol, guaiacol, etc., but is not available in presence of am- 
moniacal salts and amines. 

A tozieoloffieal examination for phenol is not infrequently neces- 
sary, owing to the numerous instancea in which poisoning haa 
ensued from the accidental administration of the substance inter- 
nally. In such cases the mouth and esophagus are commonly 
white, soft, and corroded, but are sometimes found hardened and 
shrivelled. 

The stomach is usually white, contracted, thickened, and shriv- 
elled, but is sometimes intensely congested, with destruction of the 

> Cktm. Ctnlr., 1899, 322. 
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mucous membrane. Occasion alljr, no abnormal appearance is ob- 
servable. The intestines are usually thickened and congested. 
The bladder ia generally nearly empty; any urine present will 
have a dark color. 

In testing animal matters for phenol the odor is a moat valuable 
indication. For the recognition of the poison the suspected matters 
are cut up and well shaken with water acidulated with sulphurio 
acid. The liquid is thea distilled as long as bromine water renders 
the distillate milky, and the tests for phenol applied to the distil- 
late. The characters of most serrice are: the odor; the reactions 
with ferric chloride, sodium hypochlorite, and bromine; and the 
property of coagulating albumin. 

The distillate obtained as above is concentrated by shaking with 
ether, separating the ethereal layer, and examining the residue of 
its evaporation ; when the amount of phenol is very small, the ether 
should be shaken with a little dilute sodium hydroxide, the alkaline 
liquid concentrated, aud exactly neutralized by dilute sulphuric 
acid before applying the foregoing tests. 

In cases of suspected poisoning it must be remembered that 
phenols exist normally in minute quantity in urine, and are formed 
in small quantity during putrefaction. 

CouMEBciAL Carbolic Acid. 

The better varieties of commercial phenol ar« well represented 
by the articles manufactured by F. C. Calvert & Company. Their 
"No. 1 Carbolic Acid," in the form of colorless crystals, may be 
regarded as chemically pure and absolute, aud free from homolo- 
gous phenols, the proportion of which gradually increasea in the 
lower grades till the dark liquid known m " No. 5 Carbolic Acid " 
consists chiefly of cresy^tc aciti, with smaller proportions of higher 
homohguee. A preparation known as "Carbolic Acid No, 4," 
containing about 95 per cent, of phenols, is much used as a general 
disiufeclant. 

In addition to containing water and homologous phenols, the 
lower grades of commercial phenol are often largely adulterated 
with netUral tar oils (" naphthalene oils ") which are of little value 
as antiBe|>tic3. 

In the opinion of the author, the various modifications of the 
bromine process of determining phenols are ill suited for the ex- 
amination of commercial carbolic acid and its preparations, owing 
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to the &ct that ortho- aad para-cresol form oaly dibromo-dema- 
tives. This tact, together with the difierence in the molecular 
wdghte of phenol and its homolo^uea, renders the results of little 
quantitative value, unless carbolic acid of the same quality as the 
sample be used aa a standard of comparison. Although, as stated 
above, the term " carbolic acid " has been extended commercially 
so as to include products consisting subetantially of cresylicacid or 
still higher bomologues of phenol, it is straining its legitimate 
signification to apply it to products in nbich real carbolic acid is 
conspicuous by its absence. The inexact description becomes Btill 
more objectionable when the article is purposely mixed with neutral 
tar-oils, or other hydrocarbons of little direct value as antiaeptica. 
This has been practised to an enormous extent, " carbolic acid" 
and "carbolic powders" sold to corporations and other sanitary 
authorities affording a fertile field for the operations of the blender. 

For the approximate determination of tar oils in crude carbolic 
acid the following method may be used: — Introduce 10 c.c. of the 
sample into a graduated tube, and add gradually, noting the effect 
produced, four times its volume of a 10 per cenL solution of sodium 
hydroxide free from alumina. Then close the tube and agitate 
well. The coal-tar acida will be completely dissolved by the alka- 
line liquid; whilst, on standing, the neutral oils will form a 
separate stratum above or below the other, according as the 
admixture consisted of the light or heavy "oil of tar." The 
volume occupied by the oily stratum at once indicates the extent 
of the adulteration. After noticing whether the tar oils are 
light or heavy, a volume of petroleum spirit or beuEcne equal to 
that of the sample taken may be advantageously added. Its 
employment facilitates the separation of the oily stratum and 
renders the reading of its volume more easy and accurate. Of 
course, the volume of petroleum spirit or benzene used must be 
deducted from that of the total oily layer. 

If the liquid he subsequently acidulated with dilute sulphuric 
acid and shaken, the layer that separates will contain the phenol, 
and its measure deducted from that of the original sample (after 
allowing fur the volume of the hydrocarbon added) will give the 
amount of water in the sample. 

When a more accurate determination of the neutral oils U 
required, and there is sufEcieut of the sample at disposal, the 
modified process described in the sectioD on " Creosote Oils " (page 
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559) may be used with wlvantage. Tlie specific gravity of crude 
phenol at the ordinary temperature should be between 1*050 and 
1065. If leas, it is suspicious. In presence of light tar oil the 
specific gravity is oAicn rs low aa 1*045 or 1'040. 

The determination of the water in crude phenol is best eireol«d 
by distilling a known quantity of the sample, collecting the dis- 
tillate in a graduated tube, and noting the volume of the aqueous 
portion. The results are from 0*3 to 0*5 per cent, too low. The 
Inferior grades of crude carbolic add contain the smallest propor- 
tion of water. The following method of assaying crude phenol 
with a view to ascertaining its quality and the approximate 
proportion of crystal Usable phenol contained in it is due to the 
late Chas. Ij owe, and is lai^ly employed by manufacturers: — 
1000 grains or 100 c.c. of the sample are placed in a retort 
(without any special condensiDg arrangement), and distilled, the 
liquid which passes over being collected in graduated tubes. 
Water first distils and may be measured, and is followed by an 
oily fluid. When 10 per cent, by measure of the latter has been 
collected, the receiver is changed. The volume of Kaler is tlieu 
read off. If the oily liquid floats on the water, it contaius li^ht 
oil of tar. It should he heavier than water, in which case it may 
be regarded as hydrated acid containing about 50 per cent, of 
phenols. The nest portion of the distillate consists of anhy- 
drous phenols, and when it measures 625 per cent., the receiver 
is again changed. The residue in the retort consists wholly of 
creeola and higher homologues. The 62'5 per cent, of anhydrous 
phenols contains variable proportions of carbolic and creaylic acids. 
These may be approximately determined by ascertaining the solidi- 
fying point, which should he between 60" and 75° F. (155° and 24" 
C). Having ascertained this temperature, a mixture of pure carbolic 
and cresylic acids is made in such proportions as to have the same 
Bolidifyiug point. This must be adjusted by trial, or a series of 
standard specimens may be prepared. The exact point of solidifi- 
cation can be more sharply read if a minute fragment of crystallised 
carbolic acid be added to induce the commencement of the change 
of state ; or the sample may be solidified, and the liquefying point 
noted. 

Many qualities of crude carbolic acid now contain a compara- 
tively small proportion of light oils (5 to 6 per cent.), and hence 
a notable quantity of phenol is lost in the lOper cent, first distilled. 



3vGooglc 



DISINPECIINa POWDERS. 253 

Tliis raises the proportion of creaols id the 62'5 per cent, next 
collected, and hence a product Is obtained having too low a Bolidi- 
fying point, A preferable plan of assaying the second and third 
qualities nouldprobablybeto reject all that passes over below 185°; 
then distil to 190° or 195°, and take the measure and solidifying 
point of this fraction. For No. 1 quality, with 62) per cent, of 
distillate crystallising above 70° F., only the portion passing over 
below ISO* to 182° should be rejected. About 12 per cenL of 
water may distil from this kind of acid, though the proportion 
ranges from 10 to 17 per cent., and also 10 per cent of neutral 
oils may be present. By stipulating that a sample should con- 
tain a certaiu proportion of anhydrous phenols (exclusive of neu- 
tral oils as estimated by soda) distilling below a given tempera- 
ture and having a definite solidifying point, a more accurate 
knowledge of the product would be obtained. The quality of the 
sample might be also simply expressed in units of anhydrous 
phenols solidifyiag at a certain fixed temperature. 

The mixtures of phenols from ahale-tar and blast-furnace creosote 
are liable to be sold for crude carbolic acid. They may be dis- 
tinguished from the coal-tar product, as described on page 290. 

Oarbouc Acid Dibinfectino Powders.' 

A variety of disinfecting powders are now made, which owe 
their efficacy chiefly to the fact of their containing more or less 
phenols. In some cases the base of the ponder is slaked lime, but 
the so-called " carbuiate of lime " is of little value fur antiseptic 
purposes. " MacdougaJl's DisinfectiDg Powder," the oldest prepara- 
tion of the kind, was made by adding a certain proportion of crude 
carbolic acid to a crude calcium sulphite, prepared by passing 
sulphurous acid gas over ignited limestone. Sulphurous acid is 
introduced into other powders by the direct addition of a solu- 
tion of calcium acid sulphite. "Calvert's Carbolic Acid Pow- 
der " is made by adding carbolic acid to the siliceous residue 
resulting from the manufacture of aluminum sulphate from shale 
or kaolin. Calcium sulphate is likewise a suitable absorbent, and 
kieselguhr has been used for the stronger powders. The use of 
peataa an absorbent of carbolic acid has heen patented by West 
KnigbtH and Gall, while Allen and Angus have proposed the 

I The eiBraiuBUon of liquid uitiHiilio prepantioni conlsiaiiig pbcDnIa and cresola 
It deiorib«d uD page SSI «l tq. 
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use uf blaat-furnace gli^. Limestone is also used. The use of spent 
gBB-lime has beea patented by Austin. A mixture of bleaching 
powder and phenol has also received protection. Macdougall 
Brothers have employed soluble salts as absorbents, the resultant 
powder being more readily removed and less liable to choke up 
drain-pipes than the preparaliona commonly employed. A step 
in the same direction is borophenol, prepared by absorbing carbollo 
acid by dried borax. 

Good carbolic add powders contain at least from 12 to IS per 
cent, of crude carbolic acid, but higher strengths are obtainable. 
As much as 60 per cent, is absorbed by kieselguhr. All carbolic 
powders are liable to lose 1 or 2 per cent, by volatilisation. Some 
powders id the market contain but 5 or 6 per cent, of total oils, of 
which less than half is really carbolic and cresylic acids, the 
remainder being neutral tar oils. 

For the determination of the phenols and tar oils in disinfecting 
powders having a siliceous base, aud in others containing the 
phenol in the free state, 50 grm. should be exhausted with ether 
in a Soxblet-tube or similar arrangement. The ethereal solution 
is then agitated with about 20 c.c of a 20 per cent solution of 
sodium hydroxide, more or less than this qnantity being employed 
according to the percentage of phenols supposed to be present in the 
powder (and about 1 c.c. of the reagent being used fur every 1 per 
cent, of phenols in the sample). The ethereal layer is separated, 
and the alkaline liquid again shaken with ether, which is separated 
as before, and added to the main quantity. The united ethereal 
solutjons are shaken with some caustic soda solution, to dissolve out 
any phenols which may have escaped the previous treatment. The 
ether a then driven off by a gentle heat, and the residual oils are 
weighed. The united alkaline liquid is boiled down in a flask to a 
small bulk (10 c.c), and transferred to a burette or other suitably 
graduated tube, where it is treated with diluted sulphurio acid 
(1 : 3) in quantity sufficient to render the liquid distinctly acid to 
litmus afler agitation. When the liquid has stood for sometime 
and is ihoroughly cold, the layer of separated phenols is measured. 
Each cubic centimetre weighs about I'OoO grm., so that an addition 
of 5 per cent, to the measure gives the correct weight. The results 
are fairly accurate, but generally below the truth, owing cbieSy to 
the solubility of phenols. Hence the liberation of the phenol 
should be effected in a liquid as concentrated as possible. 
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In cases in which the chantcters of the separated pheDoIs suggest 
the presence of fetty acids, resio, or other foreign matter, the con- 
tents of the burette should be transferred back to the flask, diluted 
with water, and distJlled. The phenols readily pass into the dis- 
Ullate, whereas any fatty or resin acids will remain in the retort- 
* In the case of powders made with lime, or others in which the 
phenols exist in combination, the method of direct extraction 
with ether or other solvent does not give accurate results. For 
the determination of the crude carbolic acid in such powders, the 
disinfectant value of which is very doubtful, the following method 
may be employed: — 60 grm. of the sample should be mixed in 
. a Urge mortar nith 6 c.c. of water. Strong sulphuric acid, pre- 
viously diluted with an equal bulk of water, is then added very 
gradually, a few drops only at a time. After eaob addidon the 
whole is well mixed together with a pestle. The addition of the 
acid, which should extend over some hours to avoid sensible rise of 
temperature, is continued until a minute fragment of the well- 
mixed conteuls of the mortar shows an acid reaction when placed 
on a piece of litmus-paper and moistened with water. If the mix- 
ture be pasty, sufEcient sand is added to cause it to granulate, and 
the mortar ia then covered up and left for some hours. By this 
method the lime, sulphuric acid, and water form hydrated calcium 
sulphate and the phenols are liberated. The product is then ex- 
hausted with ether in a Soxhiet-tube or similar coutrivance. 

Whether isolated by the extraction or the distillation process, the 
crude carbolic acid obtained should be further examined forn^ufra^ 
tar oils, which not infrequently constitute the greater part of the 
Bo-called "carbolic acid" of disinfecting powders. For their 
detection.thetest with dilute soda described on page 251 will usually 
be found sufficient. In other cases the crude carbolic acid should 
be treHted with twice its measure of a 20 per cent, sodium hydroxide 
solution (1'2 Bp. gravity), any undissolved oils separated, and the 
alkaline solution shaken with ether to remove any neutral oils still 
remaining dissolved. The ethereal layer ia separated, added to the 
neutral oils previously obtained, the ether driven off by a gentle 
heat, and the residual neutral oils or naphthalene measured or 
weighed. The alkaline solution of the phenols is boiled in a small 
flask to drive off the ether, and acidulated in a narrow, graduated 
tube or a burette with diluted sulphuric acid (1 : 3), and the layer 
of separated phenols ia measured, as described on page 261. 
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The sulphurous add contaiiied in certain disinfecting puwdera 
may be determiaed by stirring 1 grm. of the sample in a moiUr 
vith a small quantity of diatilled water free from air, and decanting 
the liquid into a flask containing 50 c.c. of the ordinary decinormal 
solution of iodine and about 250 c.c. of water. The residue in the 
mortar is repeatedly treated with fresh quantities of water, th6 
resultant liquids being transferred to the flask, and Anally the 
UDdissolved powder is rinsed in. Very dilute bydrocbloric acid is 
next cautiously added to the contents of the flask, until the reaction 
is distinctly acid, when the excess of iodine is determined by titra- 
tion with decinormal thiosujpbate in the usual way. Each cc. 
of decinormal iodine reduced represents 00032 grm. of SO,. 

Cresols. Cresylic Acids, Mfthylhydboxybenzeneb. 

C,U,0 = C,H,(CH^(HO). 

Cresol being formed by the substitution of two of the hydrogen 
atoms ia benzene, by methyl and hydroxyl respectively, three 
isomeric forms are possible (see page 235), all of which occur in 
the crude cresylic acid from coal-tar. Any modification of cresol 
can be obtained pure by dissolving the corresponding form of tolui- 
dine and an equal weight of sulphuric acid in about thirty parts 
of hot water. An aqueous solution of potassium nitrite is next 
added in quantity sulScieat for the reaction : 

C,H,.NH, -I- KNO, + H,SO, = C,H,.OH -1- KHSO, -|- H,0 4- N,. 

The liquid is then saturated with common salt or sodium sul- 
phate, allowed lo cool, and the layer of cresol separated and purified 
by distillation. The following table shows some distinctions between 
the cresols, according to various observers : 



Melting point ° C, ■ 
ftoiling poiot ° C, . 

Specific gravity 

o°C. 

Coefficient of eipan- 

Solability in water, 
Highest bn>m<Mleriv- 

Higbest nitnt-derivo- 



•"il^ 



10498 



Br, ;'m. p. Sx' 

(NO,), 



Br, ; m. p. 49° ' 

(KO,),ii«. p. ! 
81s 
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The meltiDg and boiling points recorded by different observers 
are not in very perfect concord an ce. The specific gravities and 
coefficients of ezpsneion are figures by Finette (Annelen, 343, 
43), and apparently refer to the liquid cresols, which exhibit, in a 
marked manner, the phenomenon of superfusion. The "highest 
bromo-derivative " means the moat highly brominated aubstitution- 
compound which does not react with potassium iodide. Thus, la 
the case of phenol it would be C.H,Br,.OH, not C,H,Bri-OBr. 

Metacresol forms a tribromo- and trinitro- derivative, whereas 
the orlho- and para- forms give only di -substitution products.' 

When fused with potassium hydroxide, the cresols are converted 
into the corresponding forms of hydroxy benzoic acid (see under 
Salicylic A^id). 

Orthoeretol forms a hydrate of the composition C,Ht,0 -|- HiO, 
which is liquid at ordinary temperatures, has a specific gravity of 
1-06, and is soluble in ether and alcohol in all proportions. Accord- 
ing to H. If ordlinger, 100 parts of cold water disgoive 3 parts 
of orthocresol ; butOruber gives the solubiliiy as 2'<> per cent, 
by measure: the figure for metacresol being 053; for paracresol, 
]'8; for mixed coal-tar cresols, 2*55; for mixed cresols from tolui- 
dine, 2'2; and for phenol, 60 per cent. The last figure is certainly 
too low. 

Nordlinger states that orthocresol is lesspoisonous and corro- 
sive than its isomers, and can lie produced with easeinlargequantities 
and at a lower price than the other forms. A 1 per cent, aqueous 
solution of orthocresol is not decomposed or rendered turbid by 
acids or neutral salts, does not affect the skin or render the hands 
slippery or numb, and has no action on metals. Solutions contain- 
ing 0*25 to 1 per cent are stated to have an aatiseptio power equal 
to solutions of pbeool coDttuning from 2 to 5 per cent, of phenol. 

According to Nordl iuger, the three modifications of cresol may 
be distinguished by their behavior with ammonia. When a few 
drops of orthocresol are shaken with a few c.c of ammonia solution 
the mixture becomes bluish on standing, — like a dilute solution of 
cupric sulphate, — but after a few days it acquires a deep indigo- blue 
color and becomes opaque. Paracresol, when treated similarly, 

■ AeoordiDg to Dit> uid Cedivoda (Zeil. Angea. Chtm., ISSB, 8T3, SB7), ortho- 
■ud paraonKil form tribromo-deriTBtivea, hut th«iis an oonrerted intu tha ourreipoDd- 
ing dibromooreiols b; poUuium iodide. UeUoreeol farma C,H,Dr,OBr, which ii con- 
reit«d into C,B,Bt,OII b; potauiam iodide. 
VOL. II, PT. 11,-17 
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gives & transpareDt pale yellon liquid. Metecreeol also gives a 
traDBparent liquid, which at first has a faint steel-blue color, after- 
ward becoming bluish, but the tint is distiaguiahable from the 
deep >Ddigo-blue yielded by orthocresol. 

Ckesylic Acid from Coal tab. — The three isomerio creaola are 
stated hySchulzeto exist in gas-tar approximately io the propor- 
tions of 35 per cent, of orthocresol, 40 of metacresol, and 25 per 
cent, of paracresol. 1:3:5 and 1:2:4 xyleuols have been found 
in the fraction of gas- tar phenols boiling between 170° and 210°. 
Cresylic acid from gas-tar has a density of 1*039 to 1044. It 
closely resembles phenol, hut is liquid at common temperatures, 
jar less soluble in water, and boils at a higher temperature. The 
boiling point of commercial cresol is variable, as it contains 
more or less phenol and higher homologues. Samples of coramer- 
dal phenol (even when anhydrous) containing much cresylic acid 
remain fiuid at ordinary temperatures, and are less soluble in waUr 
and dilute alkaline liquids than is pure phenol. Cresyllo acid 
resembles phenol in its reaction with ferric chloride. With some 
samples the blue coloration first produced rapidly changes to brown 
(compare page 288). 

Cresylic acid dissolves in dilute sodium hydroxide solution 
containing far less alkali than corresponds to the proportion CHgO : 
NaHO, but on adding water two layers are formed, the lower one 
of which closely resembles cresylic acid, but sometimes occupies a 
CDnsiderably greater volume than that of the sample used. When 
acted on by strong nitric or sulphuric acid cresol gives similar, but 
not identical, products with those yielded by phenol. With excess 
of bromine it produces a similar body, but bromiaated cresol from 
ooal-tar cresylic acid is liquid at ordinary temperatures, whereas 
the phenol derivative is solid.' 

The following table shows the chief differences of analytical 
value existing between phenol and cresylic acid. The state- 
ments have been personally verified by the author upon a sam- 
ple of Calvert's "Wo. 1 carbolic acid" and a cresylic acid pre- 
pared purposely by careful fractional distillation of a sample of 
Calvert's "No. 5 carbolic acid." The creaylio acid was further 
purified by dissolving it in sodium hydroxide and agitating the 
solution with ether to remove naphthalene and other hydrocarbons, 
the cresol being subsequently recovered by addition of acid. If 
'Sc« tba •nthor'i paper on Commcrclkl Cretjllc Acid, J. S. C. I., 1990, U1. 
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this treatment be omitted, Bcales of naphthaleoe, &e„ are liable to 
separate on treating the sample nith ammooium hydroxide. 
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AH the creaola poBee§s aotiBeptio t.nd diainfectant properties to 
R greater degree than pheool, metacreeol being the mo6t active, but 
the eparing solability of all the cresols in water is a serious dis- 
adraDtage (see page 257). 

From these reactions it will be seen that cresylic acid is less 
soluble than pheuol Id water, ammonia, and glycerol, but it is more 
soluble in petroleum spirit.' Although the above testa suffice for 
the detection of CoUHiderable proportions of cresylic acid in admix- 
ture with phenol, they afford no basis for its quautitative determina- 
tion, except of the roughest kind. Encouraging results have been 
obtained by Ewell and Prescott by the use of a 9 per cent solu- 
tJOD of sodium hydroxide.* The best means of even approximately 
determining the proportion of cresylic acid present in samples of 
crude phenol is by fractional distillation, as described on page 262. 

The following table shows the behavior of three typical samples 
of commercial cresylte add when distilled in a flask furnished with 
a dephlegmator : 
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I '041 


I-049 


i-ojS 






tt«» 


^' 


05 








1-S 


from i8o» to 190", . 


4'6 


4-0 






„ rpo- to 195°, . 
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iSS 




, „ ,, 195" to aoo", . 




ao-o 


36-0 




, „ „ joo' to *05°, . 




i6'0 


19s 




, „ „ 205° to 210°, . 




95 


II-O 




, „ „ aio" to 215°, . 






60 




„ „ 215° toads', . 




6 '6 


6-s 




Total, 


96-4 


89-S 


96. s 





' Ascordlng to W. W. 6tavel*7, abaolDte pb«Dol la tolnble Id pttralenm spirit, 
but is gepanled b; water. Tbe MpoiMlon Ii prarsDtsd by tbe pnMDm of from 20 to 
25 por cent, of bsDiCTia in tba petroleam apirit. Antajdrom cmoi ii alaoHlubla in 
petroleum aplHt, kud i> Kparalcd b; ir»ter. On adding » uturated ■alntiaii of 
ealctum cbloride, tba wat«r ii takan up and tba arcaol rcdiMolvea in the petrolaam 
apirit. The first fraction of naosota behsToa like er«o1. Ai a wbole, naoaolo diiaolves 
in petroleum ipirit and jb not aepar^ted by water. 

■ Analjl, 1888, I3T. 
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A sample of Calvert's "No. 5 carbolic aoid," when fractioaated 
Id the same manner, gave 68 per cent, over below 180° (including 
5-5 per cent, of water), 6-6 between ISO" and 186°, 46-8 between 186° 
and 190", 28-8 between 190° and 195°, and 70 between 195° and 
200° ; the total over at this temperature being 95'0 per cent, by 
measure. The laat three fractiona distilled had a specific gravity of 
10541, 10430, and 10370, respectively. The gradual decrease of 
gravity with iucrease in the boiling point is a constant feature in 
the fractionation of phenols. 

The pbenoloids of blast-furnace tar, contained in the "neosote" 
of commerce are chiefly cresols. 

Phenolic Disinfecting Liquids. 

According to Engler and Dieckhoff (AreA. i^arm., 1892, 
ccxxz, 562) cresol is only very slightly soluble in asolution of sodium 
acetate, but is miscible in all proportions with a 50 per cent, solution 
of sodium valerate. It also dissolves readily in a 15 per cent, solu- 
tion of sodium oleate, one part of this compound rendering five 
parla of cresol soluble in water. Solution of rosin soap also dis- 
solves cresols in large proportions. These facts explain the possi- 
bility of preparing phenolic disinfectant liquids (e. g., " Jeye's 
fluid,"" lysol"), some of which contain as much as 60 per cent. 
of cresylic acid. The aqueous solutions of the salicylates, ben- 
zoates, phenyl acetates, <fcc., of the alkali metals, ammonia, and of 
aniline, alio dissolve cresylic acid, and their use for the preparation 
of soluble disinfectants containing the higher phenols has been 
patented by F. von Heyden (En^. Palmt, 1890, No. 9103). 

While the higher phenols are rendered soluble in ' water by the 
presence of a suitable proportion of loap, the use of soap also fur- 
nishes a means of preparing aqueous solutions of hydrocarbons, the 
solubility of which is greatly increased by the simultaneous presence 
of phenols. 

The popularity of phenol and the cresols as antiseptics and dis- 
infectants has led to the production of many proprietary and 
patented preparations containing, or purporting to contain, these 
bodies.' The following may be mentioned, but the sanitary appli- 
cations of this class of bodies are of much less importance than 
formerly, since the more exact investigations of modern bacte- 
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riology have discredited io part the value of the phenola as 
germicides: 

Creolin (Cre«oline, Sanatol). — ^Two forms of this preparation are 
sold, known Teepectively as Artmann's and Pearson's. The 
former is obtuned by the action of sulphuric acid on crude cresol. 
The latter contains cresol and some of the hydrocarbons of coal- 
tar held in emulsion bj a reaia-Boap. 

L^sol. — This is the fraction of coal-tar which boils between 190° 
and 200° C, dissolved in fat and saponified. It is a clear, brown 
eyrup, containing about 60 per cent, of cresole and is miscible with 
water. A little naphthalene is also present. 

Saprol (which must not be confounded with Ataprol, Bee page 
206) is a mixture of crude cresols with some petroleum products. 

Sapoearbol is a solution of crude cresola in a potassium soap. 

SohUot and StUveol contain sodium cresylate with excess of cresol. 

The following method for the analysis of sheep dips and the fore- 
going phenolic disinfecting liquids is that employed in the author's 
laboratory : 
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Ditz and Clauser' have devised a process for the analysis of 
lysol, creolin, and similar preparatiouB, depending on the fact that 
barium oleate is insoluble in water aud but slightly soluble in 50 

< Cktm. Ziil., ISS8, 732 : AbeL Analgtl, IBSS, »g. 
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per cenL alcohol, whereas barium phenate diaBolvea in 40 per 
cent, of its weight of water at 100° C, the ortbocreaylate id 150 per 
cent., the paracresjtate in 320 per cent., while the rare metacresy- 
late is very Boluhle. Barium oleate, however, being somewhat 
uncertain in composition, cannot he weighed as such; it ia necessary 
again to litierate the oleic acid. Moreover, the fatty acida in lysol, 
&a, are not pure oleic, but contain stearic and palmitic as well, the 
barium ealta of which are partially decomposed by water. Prelimi- 
nary experiments have shown tliat with lysol, which usually contains 
about 40 per cent, of fatty acids and 40 per cent, of phenols, the 
amoant of the former recovered is only 05 per cenL too low, and 
this is a deficiency of no importance in the present investigation. 
The operation ia as follows : 5 grm. of the sample are dissolved 
in 100 c.c. of warm water, 20 to 30 c. c of 10 per cent, solution of 
sodium hydroxide added, and the miziure extracted two or three 
times with ether to remove the hydrocarbons. The ethereal solution 
ia washed with very weak sodium hydroxide, and the latter 
combined with the bulk of the aqueous liquid ; the ether is dried 
over solid potassium hydroxide, cautiously evaporated, and the 
residue dried over sulphuric acid to constant weight. The aqueous 
solution is carefully freed from ether on the water-bath, neutralised 
with hydrochloric acid, cooled completely (this ia most important), 
and treaUd with excess of barium chloride and a quantity of barium 
hydroxide solution roughly equivalent to the phenols present. The 
mixture is filtered quickly, avoiding unnecessary exposure to the 
air, the precipitate washed with barium hydroxide solution, then 
cold and finally hot water, rinsed back into the original beaker, 
decomposed with 1 : 1 hydrochloric acid, and thrown on to the first 
filter again. The oleio acid is washed with hot, weak acid till free 
from barium, with water till free from acid, dissolved in absolute 
alcohol and ether, and evaporated to constant weight at 100° C. 

The filtrate from the barium oleate, &c., may be acidified, extracted 
with eUter, and the phenols recovered by evaporation ; but it is 
better to operate as follows : la a convenient fraction of the acidi- 
fied liquid the mixed phenolsaredetermined by the K oppose haar 
method (calling the bromine- absorption calculated on the whole 
bulk X grams). Another portion is extracted with ether, the 
solvent evaporated, and the residue dried for two or three hours at 
100° to 110° C. (loss by volatilisation ia of no consequence in this 
test). It is then dissolved in sodium hydroxide or barium hy- 
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droxide and titrated u before. The veigbt of tbe whole residue 
b^Dg a grains, iu brom Id e- absorption b grams, and the weight of 
tbe sample originalljr taken e grams, the percentage of phenols is 
^ven by the formula; 



For theMdmation of phenols id soap, Freseniusand Makin' 
recommend the decomposition of the soap by diluted sulphuric acid 
in slight excess, and distillation of the mixture in current of steam. 
Tbe reeulta are about 1 per cent, too high, owing probably to the 
presenceofsmallamount of fatty acids in the distillate. The phenol 
in the distillate is determined by any suitable method. 

W. Spaltebolz* poiota out that in tbe examination of neutral 
subetances, where the pheoola are not in a state of combination, it 
is not necessary to add acid before distillation. The sample is 
placed in an iron retort and distilled in a current of steam between 
200° and 220° C. until tbe distillate no longer yields any oily mat- 
ter. Bodies which contain soape of oleic acid must not be heated 
above 210° C. lest the latter are decomposed ; this will be indicated 
by an oily layer on the top of the water in the receiver. Alkali- 
rosin soaps easily resist a temperature of 220°. The distillate con- 
sists of phenols alone in the case of lysol ; of phenols and tar hy- 
drocarbons in the case of creolin, mixed with the water; and the 
simplest way of separating them is to extract the whole with ben- 
zene, remove the aqueous portion, and estimate tbe phenols them- 
selves with sodium hydroxide. With products of known com- 
position the method has given results usually 0'5 per cent, but 
occasionally I'O per cent, below the theoretical, and it is therefore 
accurate enough for ordinary work. 

< Ztil. Aial. Chtm., 18«6, S!S ; AbaL Analgil, 1S9B, SOI. 
' Ckm. Ztil., ISeS, Sa i AM. Anlfl, 1S98, SB. 
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DIHYDROXYBENZENES. DIHYDRIC PHENOLS. 

The subBtitutioD of two hydrogen atoms in benzene by hydroxyl 
will give rise tothreo isomeric forma, exactly anal ogoua in struoture 
to the xylenols and cresole described in the preceding pages. 



HO HO 

a 



(Wwhol, Fxraataotatn Bsonlnol, Roarcla HrdroquliKHie. Quinol 

(ortho-; i-i) (mei»-; i-j) {pirn-; 1-4). 

All three forms are known. They were originally obtained from 
natural products by destructive distillation, but are now mostly 
prepared by synthetic methods from benzene. When the mono- 
halogen phenols (e. g., CaHiCtOH), phenolsulpfaonatee, or benzene- 
diflulphonates are fused with potassium hydroxide the corresponding 
dihydroxy benzene is usually obtained, but the reaction ia some- 
times irregnlar, the meta-form being often produced when one of 
the isomerides is expected. The nature of the reactions is shown by 
the following equations : 

CHjI{OH) + K(OH) = C,H,(OH), + KI, 
C.H.(OH)8C^K + K(OH) = C;H,{0H), + K,80,. 
(VH,(80,K), + 2K(0H) = C,Ht{Oa)t + 2K,SO,. 

If the temperature be high, reaorcinol is always obtained, as it 
is more stable than its isomers. The three dihydroxybenzenea are 
volatile crystal! isable bodies, readily soluble in water, aloobol, and 
ether, and extracted from their aqueous solutions by agitation with 
ether. They form ethers when their hydrogen is displaced by 
alky I -radicals, and resemble glycols in many respects. The follow* 
ing table shows the chief distinctions between them. In addition 
to the reactions given, resorcinol is characterised by its behavior 
with nitric acid, bromine, bleaching powder, and phthalio anhy- 
dride (see page 267). Catechol and quinol exert marked reducing 
acUon at ordinary temperatures ; resorcinol only at the boiling point 
of water. 
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RBBORCIMOL. 



The lumolofua of the di hydroxy beounea have u yet little im- 
portance. Six dibydroxytolueneB &re poeaible, of which the foUow- 
iog four have been obtained : 

CH, CH, CH, HO 

„o(Jeo (j„o y° (T"' 

HO HO HO 

Orclnol, Ondd HmuRmteohol Iioroliiol TolnhTdronuinaDt 

(1-3-S) (1-3-4) . (■-»-*) (1-4). 

In tolubydroquinone the methyl-group may be assumed to be at 
either 2, 3, 5, or 6, without changing the stereochemic relatione. 
The methyl ether of homooBtechol, CH,(OGH,)(CH0(HO), is 
knovn aa ereotol (not to be confounded with creaol) and is found 
ID beechwood tar (see page 278). 

Resorcinol. Resorcin. Hetadihydroxybenzene. 

Reeorcinol was originally obtained by the action of fused alka- 
lies on certain resins, and subsequently by their action on meta- 
iodo-pbenol. It is now manu&ctured on a large scale by heating 
sodium hydroxide to about 250° G. with sodium metabenzenedisul- 
phonate. The fused mass is allowed to oool, dissolved in water, 
and the solution acidified. From the solution, the resorcinol is 
extracted by agitation with amy] alcohol and purified by distilla- 
tion under reduced pressure. 

Resorcinol crystallises in rhombic prisma from water, alcohol, 
and ether, but in needles from beniene. The crystals gradually 
become pink, anci appear phosphorescent when strut^k or rubbed in 
the dark. The odor ia peculiar and the taste sweetish bitter. 
Fuming sulphuric acid dissolves resorcinol to an orange-red solu* 
tion, which gradually darkens, becomes greenish blue and then 
pure blue, and changes to purple- red on gently warming. 

On adding bromine water to an aqueous solution of resorcinol, 
iribromoraoreinol, CHBr,(OHJ„ ia thrown down as a white floc- 
culent precipitate consiBting of crystalline needles, closely resem- 
bling tribromophenol (page 245). Resorcinol does not react with 
the usual indicators of neutrality, but with Poirrier's blue, C4B, 
it behaves like a dibasic acid. 

With hypochlorites resorcinol gives a violet catechol an evanes- 
oent.greeu, and quinol slowly develops a yellowish-red coloration. 
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WheD treated with excess of uitric acid, resorcinol is converted 
intoatrinitroreBorciDol,C,HCNO,),(HO),. Thiabody.formerly 
called Btyphnic or oxypicric acid, forms Hulphur- yellow hexagonal 
crystals, melting at 175° C. It closely resembles picric acid, except 
that it it astringent instead of bitter, 

Asolutionofresorcinol, mixed with cupric sulphate and sufficient 
ammoDium hydroxide to redisaolve the precipitate first produced, 
yields a deep black liquid with which wool and silk may be dyed 
black. 

Ed I ef son haa observed that if a few drops of a 1 per cent, solu- 
tion of reeorcinol be added to a dilute, freshly -prepared, aqueous 
solution of j9'Uapbthoquinone,aDd followed by a few drops of ammo- 
nium hydroxide, a dark bluish-green liquid is formed, from which 
ether does not extract the color ; but if sufficient nitric acid be added 
to produce an acid reaction, a red liquid is produced, from which the 
color is extracted by either ether or chloroform, Watson Smith' 
has confirmed these statements, and noted also that phenol -a- napb- 
thol and ^ naphthol do not give similar reactions. 

When resorcinol is heated with excess of pbthalic anhydride to 
about 200° C. for half an hour, the mixture acquires a yellowish 
red color, and contains the resorcinolphthaleln or fluorescein, 
QnHiiOg. If the melt be dissolved in dilute sodium or ammonium 
hydroxide, the presence of resorcinol becomes apparent by the pro- 
duction of a dark red solution changing on dilution to reddish 
yellow and yellow, and exhibiting after dilution a fine yellowish- 
green fluorescence, which ia visible in solutions so weak as to appear 
colorless by transmitted light. On acidulating the solution and 
agitating with ether the fluorescein is taken up, and will be again 
dissolved on agitating the etliereal solution with soda. When 
similarly treated, phhroglveol yields a yellow and pyrogaUol a blue 
liquid, neither of which is fluorescent. The blue color due to 
pyrogaUol may be destroyed by cautious addition of potassium 
permanganate, which acts only slowly on the fluorescein.^ 

'J.S. C. I., 1836, i30. 

'Cntcrholpbtbilein, formed by gentl; beating nteobol with phthftlic SDbydride 
•nd a liltle eulphuric acid, diasolvei ia cmistLo «lk»li lolntion with fine bluemlor. 
QuiDOlphtbale'In, or quinimrin, formnl in a liniilar muiacr, diaaolvea in ulkaliei wilb 

and tbe qdiDiMrin auiy bo citmctsd by mgitntioD with etber and reeorsred from the 
etberenl eolutlon by abaking with aodiDin bydroiida Mlulion, which Mqnina a 
rialet-blue color. 
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Other properties and reactions of reaorcinol are deicribed on 
page 266. 

When resorcinol ie fused with excess of sodium hydroxide, 
pbloroglucol and some diresorciaol are produced. 

Conanereial Seaorcin usually coutains from 92 to 94 per cent, of 
resorcinol, the remainder I>eing chiefiy phenol and tarry maltera. 
A purer product is furnished for medicinal purposes. The solution 
in ten parts of water should be colorless (empyreumatic impurities 
impart a yellow tint), neutral to litmus, and should evolve no odor 
of phenol on warming. The solid should leave no residue on 
igniUon. 

According to the German Phannacopeia, if 0'05 grm. of resormnol 
be warmed with 01 grm, of tartaric acid in ten drops of sulphuric 
acid, a dark carmine-red coloration is produced. 

Resorcinol has marked antiseptic properties, and has been em- 
ployed in medicine, but its chief value is derived from the numer- 
ous coloring matters obtainable from it 

Picrot is a trade-name for potatsiwn duodoresoreinolmojtontl- 
pkonaU, CHI,(SO,H)(OHV It contains 62 per cent, of iodine, 
and is scud to be powerfully antiseptic and not very poisonous. 

Quinol. Hydroquinone. Paradihydroxy benzene. (See 
also page 265.) 

Quinol may be prepared by the methods indicated on page 266, 
but is more conveniently obtained by oxidising aniline with chromic 
acid mixture and reducing the resultant quinone, CtH,0„' with 
sulphurous acid. 

'QdirOOS, C,H,Oe laaprodnet of thfloiidation of > great number of bulloi of the 
kromatio pcn-Miies. It ii beit prepared b; diiiotTing 1 putt uf *niliae id 8 purls of 
■Dlphuriauid and 30 parti of water, and adding 31} parti of powdered potaiiinm 
biobromata. Tbe liqaid ii aUowed to itand for loiiie time at tho ordinary tumpero- 
tore, and ia then warmed to aboat 3S° C. Tbe qniaong ii extracted b; ether or petro- 
leum ipirit. 

Quinone arjMalliMa with gr«at facllltj from petroleum aplrit in fine j^tlow needlei 
or priame wbieh melt at 115-7°, but nibllms readil; at tho ordinary temperature. 
Quintnie hai a pMoliar, ohuaoteriilio odor, and the vapor 1* rerj irrilaling both to 
«je« and noae, but Uie anlKtance doe* net appear to be poimnoua when taken inter- 
nally. It dinolTM moderately In oold water, very readily In boiling water and nleo- 
hoi, and Tolatitiaea eaaily with alcam. 

agent of moderate power. By iillphitei, itannoua ebloriile, and aimilar rcdouiog 
agent* it it oonverted into quinol. 

Qnlnone aw b* determined with aoonracy, in the abieDoe ufulber oiidbing agent^ 
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Quinol bra received a limited application in medicine. Its chief 
use ia a developer in photograph;. 

Catechol. Pyrocatechin. Orthodihydroxybenzene. (See 
alec page 266.) 

Catechol is produced by the action of beat on protocatecbuic 
acid, and on tannins and other bodies allied to iL It also results 
from the action of an excess of fusing caustic potash on ortbo- 
phenolsulphonic acid, CH^CSO.HpH.' 

Catechol is conveniently prepared from the fraction of beech- 
wood-tar creosote boiling between '200° and 205°, which cooaists 
easentially of gnaiacol or catechol methyl-ester. On headog this to 
the boiling point, and passing in bydriodic acid gas as long as 
methyl iodide distils over, catechol is produced and may be puriGed 
1^ fractional di^tiliation and crystal lisat ion from benzene. The 
reverse action is employed for producing guaiacol from catechol, 
which is now made on a considerable scale. 

Catechol forma short, square prisms or thin, pearly plates, resem- 
bling benzoic acid. It sublimes readily and condenses in brilliant 

bj treating tbe (olatloD nith dilnts h;droohlDno Mid uid aiom of poluaiam iodido, 
and titnting the libenlsd iodicie bj WuidArd soliidoa of aodium thioaulpfaata. 

t, tBw dropi Qf a tatunted wlulian of fajdrDoerulignone, C„I<,(OCn,),(OH),. Tbe 
liquid immediatolr aaqnirea ■ f ellawi«h-red i»1ar, which npidlj beoomcs deeper, uid 
Meet-blae, iridescent need1« of ccruliynaKt lepantfi oat. 

Bj the KtioD of % miitDro of hrdrochlorio uid uid potuainm oblormte, or of other 
powerful oxidiiing agenti, qoinono ii cunvorted into lilracklor^hinaiir, or cA/oroBiI, 
C,Cl,Or The eanie eubaUDce, mixed with Iricklorguiuune, G.UCI.O^ ii obt&iii«l b; 
the action of bjdroohlorio *aid aodpotuaiuBi oblornte on phsnol, nniline, Ae. Cblar- 
■ail orystalliscB in Koldea-fBllov plu« or prisms, lolDhle in bailiog benieoe and 
modemtel; solable in ether; bat onl; elightly aoluble in alcohol, and Iniolable in 
water. Chloranil eublims readilj at about 200° and melU at a highsr tomperatare. 
It ia not attacked by strong sulpburio aoid, nitric acid, or aqoa regia. Il ii eonFFrtod 
b; reducing agents into colurlesi tetr«chlorqaiDDl. Cblorani] is used in Che color- 
Industry ■■ ao oiidieing agent, u for oonyerting dimethjIaniUoe inW chloranil riolet, 

1 According to a procen palented h; J. II. Btum {Buy. Pmnti.'HISi.lio. HibS) 
oatechul is prepared bj heating Bodinm ■-phenoidleuiphoDale with am eqnal weight 
of ndium bjdroxida at a temperature of SSO° to 300° nndar pressure. Tbe resultant 
eateeholealphoDia aoid ia bjdroljsed hy heating it to 160° to 120° C. with sulphoria 
acid of 60 per cont. L'nattcrod pbeQoi is rolatillsed by blowing steam through the 
liquid, whioh >■ then deoolorised by aDiraal obarooal and the oatechol extracted by 
agitation with ether. The yield ia etated to be about 50 psreent of the theoretical. 

For other synthetlo metbodi of preparing oatoohol m« Pkarm. Jour,, 24(1803-4), 
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lamiDK. The Uate is bitter, and the fumea are pungent and excite 
coughing. Catechol diffen from resorcinol in not volatilisiDg appre- 
ciably in a current of steam. 

The aqueous eolution of catechol rapidly turns brown. 

Catechol furme unstable compoundB with baaee. With lime-water 
an aqueous solution of catechol gives a reddish or brown color, but 
the solution remains clear for some time. Caustic alkalies behave 
similarly to lime-water, the solution becoming, in succession, green, 
brown, and black. Catechol is not precipitated by gelatin or alka- 
loids. With lead acetate it yields a white precipitate, which ia easily 
soluble in acetic acid. Catechol reduces silver nitrate at ordinary 
temperatures and Fehliug's eolution on warming, 

Ab aqueous solution of catechol gives no reaction with ferrous 
salts. With ferric chloride, avoiding excees, it gives a grass-green 
coloration, which on addition of acid sodium carbonate is changed 
to a fine violet-red, not much altered by boiling, but restored to 
green on the cautious addition of sodium hydroxide. (These reac- 
tions distingutsh catechol from pyrogallol.) Fine-wood moistened 
with hydrochloric acid mixed with a solution of catechol acquires a 
violet-blue color. Phlon^lucol gives a similar reaction. 

The aqueous solution of catechol is neutral to litmus, but on 
addition of borax the liquid shows a marked acid reaction and 
acquires the power of decomposing carbonates. Pyrogallol and 
tannates and gallates of the alkali-metals behave similarly. All 
these bodies belong to the ortho-series. Resorcinol, quinnl, and 
orcinol, which contain hydroxyl -groups in the meta- or para-posi- 
tions, do not form acid solutions on addition of borax.' 

By treatment with sulphuric acid, catechol is converted into 
mono- or disulphonio acids, according to the temperature and the 
strength of acid employed.' 

H0UOCA.TECHOL or HETHyLCATECBOL occurs OS a roethyl-etber 
in wood-tar creosote, and may be obtained therefirom by bulling 
with bydrobromic or hydriodic acid. Homocatechol is a syrupy 
liquid, which dissolves readily in water, alcohol and ether, but not 

' Th« tbtrmoMibeiDio*) ezp«rliiienti of Bartbclut mnd W ■ r D e T hare ahawn 
that, in cue of palyphtDola oonUiDiDg two bjdroiyl groupi in tbe artba-position, ana 
of thsw bM ■!> (JooboUfl BniJ not & pheaolla function, uid this fact U rclfttcd to tb« 
power ofrorminEkM>nJDp.l«d Mid with bom. (Baa Camp. Hnd.,lOHltSSt), lOlfi, 
and J. C. S., IBEB, B4&, SA4.} 

■H. Coattn, CbiHp. >^it., UT (13(13), IIS. 
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Id benzeoe (disdnctioo from catechol). It reduoei silver nitrate 
and Fehling'a solution Id the cold. With fbrric chloride, horno- 
catechol gives a green coloration, vhich is chaoged to reddish- violet 
on cautious addition of ammonia or sodium hydrogen carbonate. 

By treatment with strong sulphuric acid, homocatechol yields a 
sulphouic acid. No disulphonic acid is obtainable. 

Ethers op Catschol and Hokocatechol. — By suitable means 
one or both the hydrogen -atomH of the hydroxy! -groups of catechol 
and homocatechol can be replaced by alkyl -radicals. Thus, the 
following methyl-ethers obd be obtained : 



Catechol. 

^^ i OH- 
Heth;l c»techolat«. Catechol meth- 
;l.«tber. QuaiBcol. 



Dimethyl catecbolnte. Catocbol di- 
methjI-eUier. Terstrol. 

•^'"•{ochI- 



HomocatocboL HethylaktoclioL 

C,H,(CHj{gg. 
Mfltbjl homoeatwhoUte. Homo- 
dtechol m 
C,H,(CH,) I 
Dimethyl homocatochoUte. Homo- 
catecbol ilimetbyl-etber. 

CH,(CH,){gg!;;. 



Guwacol, creoBoI, and homocatechol dimethyl-ethers form the 
greater part of the fraoUon of beech wood-creosote boiling between 
200° and 220" (see page 278). Veratrol is also very probably 
present. The dimethyl-ethers shown above can be prepared fVom 
guaiacol and creosol reepecUvely by dissolving these bodies in a 
strong solution of potassium hydroxide in methyl alcohol and boil- 
ing with methyl iodide. They are distinguished from the mono* 
methyl ethers by their insolubility in aqueous soluUons of causUc 
alkalies, and by giving no green or blue coloration with ferric 
chloride. Both the mono- and dimethyl-ethers can be demetbyl- 
ated by heating them with excess of a halogen-aoid, catechol and 
homocatechol being thereby formed. 

OCH, 



GuAtACOii. Methyl oatecholate. Catschol methyl etber, 



0- 



This substance has attracted much attention on account of its 
vogue as a remedy in tuberculosis. It is prepared from heechwood 
creosote by treating the fraction which distils between 200° and 
205° C. with an alcoholic solution of potassium hydroxide by 
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which potaaaiuin guaiacol is formed, and this u converted into 
guaiacol bj the action of dilute acids. Guaiacol ma; also be pre- 
pared by several synthetic methods, as when catechol (1-4 di- 
bydroxybenzene) is heated with equivalent quantities of potassium 
methyl sulphate and potassium hydroxide or sodium hydroxide. 
The action is : 
C,H,(OH), + K(CH,)80, + KOH = CH,lCH,){OH) + K.SO, + H,0. 

W. Kelle ' has devised a process for the production of guaiacol 
depending on the diazotising of 1-2 anisidlne [methoxyamidoben- 
zene, CH.(0CH|)(NH,)] in the presenoe of excess of diluted sul- 
phuric acid, after which the solntioo is run into a quanUty of 
stronger sulphuric acid containing sodium sulphate, heated to 
140° C. The guaiacol is distilled as fast as formed by blowing steam 
through the liquid. The product is distilled at about 200" C. and 
the distillate crystallised on cooling. The reactions are : 



OCH, OCH, 

NHSO, 

+ NaH80, = 2H,0 



OCH, OCH, 

/\«. Ah:: 

I J i NuNO, + *H^, = | J 

l-l-AiilaidiDe. I-2-M«UioiTdii»b«iaiH 

OCH, OCH, 

OS : NHSO, 



+ H,S04 + N, 



Pure guaiacol was formerly described as a liquid, but was 
obtained by B4hal and Choay' as a white solid, which, when 
crystallised from petroleum spirit, is obtained in hard, uniaxial, 
dihexagonal prisms. Guaiacol melts at temperatures variously 
stated at 28*5° to 3S°, and boils at 204° to 206°. When melted, 
gudacol remains indefinitely in a state of super-fusion, and may 
even be cooled to — 2" C. without solidifying ; but on addition of a 
crystal of the solid substance the whole immediately crystallises, 
the temperature rising to 27°. The specific gravity of liquid 
guaiacol atO°C. is 11543,and at 15° from 1-143 to 1-149. Guaia- 
col is only slightly soluble in water, but dissolves readily in most 
otganic solvents, including absolute, but not aqueous, glycerol. It 

> WaltoD Smith, J. S. C. I., I89S, 3U. ' Comp. reW., 118 (1BS3), 1«T. 

VOL. II, PT. II.— 18 
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is alflo Boluble in solutions of caustic alkalies, and with an alcoholic 
solution of potassium (not sodium) hydroxide forms a crystalline 
mass of the potassium derivative. The same compound speedily 
separates on mixing equal measures of guaiacol and aqueous potas- 
slum hydroxide solution of 1*3 specific gravity. Impure guaiacol, 
even if containing 70 per cent, of the real compound, remains 
liquid under the same conditions. According to A. Trillat,' if 4 
c.c. of guaiacol be shaken with 10 c.c. of milk of lime containing 
O'l grm. of lime, colorlws crystals of a calcium- derivative are 
formed. 

Guaiacol has a sweet taste, and when placed on the tongue melts 
and produces a teeling of intense astringency, but it is without 
action on the mucous membrane. 

According to P. Marfori, the physiological action of guaiacol 
is analogous to that of phenol or catechol, and it is eliminated from 
the system iu a similar condition, but it is less poisonous than these 
bodies. Ouaiacol has received an extensive application in medi- 
cine as a substitute for creosote in the treatment of phthisis, espe- 
cially in the earlier states. 

When treated in aqueous solution with ferric chloride, guaiacol 
gives a brownish turbidity; but if ferric chloride (avoiding excess) 
be added to a 1 per cent, solution of guaiacol in alcohol, a fine blue 
coloration is obtained, rapidly changing to green and yellow. 

The determination of guaiacol is described under " wood -creosote." 

Commercial Guaiacol is of very variable quality, some speci- 
mens being stated to contain not more than 30 per cent, of the 
pure substance, but good samples contain fully 90 per cent. In- 
ferior samples have a low specific gravity, — e. g., 1 046, — but thoee 
rich in guaiacol have a gravity approaching that of the pure sub- 
stance. Pure guaiacol requires eight times its measure of cold 
petroleum spirit for solution, but many commercial specimens are 
soluble in four measures or even less. 

According to Marfori,' the solubility of guaiacol in water is 
notably reduced by the presence of impuriliee. Heated with chloro- 
form and solid potassium hydroxide pure guuacol gives a purple- 
red coloration, while the impure product gives a leas marked reac- 
tion. Marfori states that the pure substance gives with concen- 
trated sulphuric acid a stable purple-red coloration, while the least 
impurity detracts from the purity of the color formed. On the 

>/. S. C. I., ISSa, 1028. ' Oat: C*i«., SO (ISSO), SST. 
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other Ii&nd, Bome observen atate that pure goaiacol gives no color, 
or only a slight yellow, with cold strong sulphuric acid. 

Guaiacol OirbotMle. CH.COCH,).(CO,).CH,(OCH,).— This 
compound, also called " Dtwtal," is obtained hj the action of car- 
honyl chloride oa sodium -guaiacol. It is a white, crTstalline, in- 
soluble powder, melting between 86" and 90" C. Guaiacol car- 
bonate is tasteless, odorless, aeutral, aad non-toxic, and is free from 
the irritating and caustic action of guaiacol itself, over which it 
presents marked advantages as an internal antiseptic. It passes 
through the stomach unchanged, but is decomposed into its con- 
stitueDto in the intestines. Guaiacol is found in the urine in from 
thirty to sixty minutes after the ingestion of the carbonate. 

A. similar product prepared direct from heechwood creosote has 
been introduced under the name of " Oreoaotal." It is a yellow, 
transparent liquid, viscid at low temperatures, but rapidly thinning 
on warming. Creoeotal has a specific gravity of 1*165, and a slight 
taste and odor of creosote. It is insoluble in water, glycerin, and 
dilute spirit, but is soluble in alt proportions in strong alcohol, 
ether, chloroform, <Jfcc. Creosotal contains 92 per cent, of creosote, 
and baa been recommended as a remedy in pbtbisis. In doges of 
10 to 20 grains daily it is stated not to disturb the digestive functioDB. 

Owfiaeol-earboxylie acid, C;H^OCH,)COH)COOH, is obtained 
by saturating sodium-guaiacol with carbon dioxide under pressure, 
and decomposing the product with hydrochloric acid. It crystal- 
lises with 2H,0. The anhydrous substance melts at 148° to 150", 
and decomposes into guaiacol and carbon dioxide at a higher tem- 
perature. It gives a blue coloration with ferric chloride. 

Benzoyl gvaiaeol,OT Ouaiacyl Benzoate, C,H((OCH,)0COQHi. — 
This compound, also called " Bemotol," is obtained by the reaction 
of potass ium-guaiacol and benzoyl chloride at 100°, or by the direct 
action of benzoic anhydride on guaiacol. It forms small colorless 
crystals melting at 60°, almost insoluble in water, sparingly soluble 
in glacial acetic acid, and readily soluble in hot alcohol, ether, or 
chloroform. 

Cbeosol. Methyl Homocatecbolate. Homocatechol Methyl- 
etber. 

This substance is homologous with guaiacol, and occurs in the 
ft-aoUon of heechwood creosote boiling at about 220°. When 
freshly distilled, it is a colorless liquid, having a pleasant odor of 
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vanilla, eepeciall;^ when dilute. It diasolvee in aqueous alkalies, 
and with a atroDg solu^on of potassium hydroxide in alcohol Beta 
to a mass of needles of the potaasium compound, CbH,O.OK 
+ 2H,0. A solution of creosol yields a metallic mirror when 
warmed nith silver nitrate, and gives a green coloration with ferric 
chloride. Oeosol difiers from guaiacol in its higher boiling point 
(219°), in not crystallising, and in its greater soluhility in petroleum 
spirit. In its therapeutic efiects creosol appears to present a close 
resemblance to guaiacol. 

Creoeol methyl ether, or dimeOiyl homoealeckolate, C|H|(CHi) = 
(OGH])t, also occurs in beech wood creosote. It boils at 218°, gives 
no coloration with ferric chloride, and ia insoluble in aqueous 
eolutiona of caustic alkalies. 



CREOSOTE AND CREOSOTE OILS. 

The name "kreosot" was first applied by Reich enbach, in 
1832, to the characteristic antiseptic principle contained in wood 
tar.' Carbolic acid was discovered soon after by B u n ge in coal- 
tar, and was long confused with the wood-tar principle ; and the 
crude carbolic acid from coal-tar is still known as " coal-tar creo- 
sote." Bomewhat similar products are now obtaiued from other 
sources, so that much confusion has arisen. The term "creo- 
sote," when used without qualification, ought to be understood as 
signifying the product from wood-tar, but it is better to describe 
Reichenbach's body as " wood-tar creosote," and employ the un- 
qualified word " creosote" In a generic sense as meaning the mixed 
phenols and phenoloid bodies obtained from wood-tar, coal-tar, 
blast-furnace tar, shale-oil, bone-oil, or other sources. The term 
" ci;eosote " should be restricted to the phenoloid bodies from the 
above or similar sources, the crude products from which they are 
derived being the corresponding "creosote oils." Some of these 
products differ materially in their chemical and physical characters, 
from the creosote from either wood- or coal-tar. These may be 
separated approximately from the accompanying neutral and basic 
oils by treating the fraction boiling between 170° and about 800° C, 
with caustic potash or soda, and then mixing the alkaline solution 

< C. Rice, Amir. Jour. PAarm., 1894, 167. 
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with a slight ezceea of dilute sulphuric acid, when the phenols are 
separated and form an oily layer of " creosote." 

The creosote oil from coal- tar is described on page 294 et seq.; the 
following sections treat of the creosotes from the other sources. 

Wood-tar Creosote. 

Wood-tar creosote is usually obtained by distilling beechwood tar, 
and treating the fraction heavier than water with diluted sodium 
hydroxide solution. The alkaline solution is separated fVom the 
insoluble oily layer, boiled with contact of air to oxidise some of 
the impurities, and decomposed by diluted sulphuric acid. The 
crude creosote which separates is purified by re-solution in alkali 
and reprecipitation with acid, and is then redistilled, the fraction 
passing over between 200" and 220" C coastiCuting purified creo- 
sote. 

Wood-tar creosote is a strongly refracting liquid which is color- 
less when freshly distilled, but acquires a yellow or brown color on 
keeping. It has a peculiar, persistent, smoky, aromatic odor, dis- 
tinct from that of phenol. The specific gravity ranges between 
1*040 and 1087. Wood creosote is not solidified by moderate cold. 
It is a powerful antiseptic, but does not coagulate albumin. It 
preserves animal matters without causing disintegration as phenol 
is liable to do, and is less powerfully caustic than that substance. 

Wood-tar creosote is only slightly soluble in water, but is with 
difficulty rendered anhydrous. Like absolute phenol and cresol, 
it is misclble in all proportions with alcohol, ether, glacial acetio 
acid, chloroform, benzene, and carbon disulphide. It dissolves in 
concentrated sulphurio acid to a red liquid, which slowly changes 
to purple- violet. Shaken with concentrated hydrochloric acid in 
the absence of air, wood-creosote becomes red, the color changing in 
contact with air to dark brown or black. Wood-creosote is violently 
attacked by nitric acid. With bromine-water it forms a derivative 
of a reddish color. 

Wood-creosote is soluble in solutions of caustic alkalies, and 
forms a crystalline compound with potassium hydroxide, but not 
with sodium hydroxide. 

Wood-tar creosote is a complex mixture of phenoloid bodies, the 
proportions of which differ according to the modes of distillation 
and purification. It may be regarded as composed of a mixture 
of bodies belon^ng to several homologous series, but chiefly of 
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■nethylic ethers of catechol (pyrocatechol) and its homolognes.* 
Thus, the presence of the following bodies has been established: 



Hxu 



MONOHYDBIO 

Phenol, 

Cresols (1-2, 1-3, 1-4) 

Xylenola, phloTols (1-3-4, 1-3-6), 
Ethji-phenol (1-2), 

Gthbbs of Dihydric Phenols— 
ChuiBool, Metb;l cstocbolate, 

Crmool, Methyl bomocatecbolate. 
Dimethyl bomocatachoUte, . . . 

Uethyt eiooaol, Dimethyl-gnaia- 
col, 

Ethyl-guaisMl (1-3-4), . . . . 

pTopyl-gaaiaool, Ceroligntd, . . 
Ethers or Tkihtdbic Phenoi«— 
Dimethyl pyrogaUate, 

Dimethyl methylpyrogallate, . , 

Dimethyl propylpyrogallate, . . 

Methyl propylpynigallate, . . . 



C,Hj.OH 

c;h,(ch,)oh 

C,H,(CH,),OH 
CH,(C,H.)OH 



C;H.(CH,){g^H' 
CH,(CH,)(OCH,), 



C.H,(CH,) {g^H, 
fOCH, 

c^hJoch, 

I OH 

(OCH, 
CiH,(CH,) i OCH, 
I, OH 



fOCH, 

c;H,(c,n,) \ OH 

I. OH 



3i4ta3i8 



26s 



B^bal and Cboaj'*have reported the presence of a sulphur 
derivative, probably a thiopheuol, in beech- and oak-tars; also a 
body, distinct from pittacal, which, under the joint ioflueace of 

Mitof.'n, ■lyrupy liquiii, obtained by Braounnflt from tho io«t furmed by bnni- 
Ing wood, has bopn shown by Bfhsl «nd Dcnoignea to be » oinnpl«i miitura, oon- 
taioiDg oateebal uid homocBteobal u leading comtituentB. 

• Abut J. C. S., 1894, 503. 
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ammoDium hydroxide and air, yields a Bubetance that produces 
with alkali an iol^iiae blue solution, changed to red on acidifying. 
Phenol is present in genuine nood-tar creosote in very small 
quantity, the creeols in somewhat larger, and the xylenols in sensible 
proportions; but the two chief constituents are guaiaool and creosol. 
Id Rhenish creosote, guaiacol predominates, but a sample of Morson's 
creosote from "Stockholm tar," examined by the author, boiled at 
about 217° G. and consisted chiefly of creoaoL Dim ethyl -guaiacol 
and propyl-guaiacol are present in but insignificant proportions,' 
but the latter body is highly objectionable, since a single drop 
causes bleeding when placed on the tongue. Hence purified 
creosote should be absolutely free from this constituent, the presence 
of which may be recognised by the blue coloration produced with 
baryta- water. 

The solubility of the constituents of creosote in alkalies decreases 
as the molecular weight increases, and with the number of hydrozyl 
groups substituted. Thus, methyl pyrogallate dissolves in a weak 
solution of sodium hydroxide, dimethyl pyrogallate, in a strong 
solution thereof, while trimethyl pyrogallate is insoluble in the cold 
alkali. Bimilarly, dimethyl homocatecholate, which constitutes 
the greater portion of the fraction of beechwood creosote distilling 
between 210" and 220° C, is insoluble in aqueous solution of sodium 
hydroxide. 

' ThB following mathod mm; ba emplojed for th« Mpantion oF the phenolold oon- 
■tituenU of wood-creonM bailing betKinn iVi° ind 240°, ftnd mlgbt be Died fur 
thg detection uid detarminMion af iwal-tiu' uiida pnrpoiKiIr added : The Hmple !■ 
diMolTed in twine iU mauura of ether, mad the (olution ibalieii with a 5 pi^r cent, 
wlntion of patuiiain hjdroiide, which diuolvet the phenoloid bodies. The alkaline 
Uqnid is eepanted, aoidalated with hTdrocfaiorio uid, and ahaken np with ether. 
The phenoloid oils obtained on evaporating tba ethereal Klutiun are diitilled, 
mixed with half their Tuluma of ether, and twice their lolume of a saturated alco- 
bolie solution of potassinm bjdroxide. Creosol and guaiacol are converted into 
crjBtalline potanium compounds, while tba litnllar compouudi of phenol and crceol 
remain in tolation. Tfae er;sU1!iue pulp is pres!<ed Chrough a cloth, the Bllrata 
evaporated, the residue Ireiled with water, and tbe eolutiou acidaUtcd with bjdro. 
chloric acid. The libentod phenols are re-trcuted with etbar and alcobotic potawium 
b;dniiida. Ibo proecn being repeated, if nccetanr;, so long as crystals are deposited 
in the oahl, when the pbenola are ones more liberated, and ma; be weighed, maasnred, 
or titratol with bromine. Tba crjstals maj ba dissolved in writer and tbe solution 
decomposed b; bjrdrocblorio acid, when the gasiaool, eteoeol, and higher bcmolognee 
are liberated, and maj be pnriSed and separated b; fraotional distillation. (Tlemano 
and Koppe, Btr., IBSl, ZflOi.) 
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The leaa volsUle fractions of crude wood-tar oreoaota have been 
found by A. W. Hofmann to contain the methylic ettien of 
pyrogallol and its homologues. These bodies derive their chief 
interest from the remarkable coloring matters (originally discovered 
by RuDge) nhich can be derived from them by oxidation. Thus, 
if the sodium dimethyl pyrogallate (prepared by adding sodium 
hydroxide to an alcoholic solution of dimethyl pyn^llate) be 
mixed with the sodium dimethyl methyl pyrogallate and excess of 
sodium hydroxide, and heated in the air, a body called eupittonic 
acid ' is formed according to the following equation ; 

2aH,A + (iH„0. + 0, = C,H«0. + 8H,0. 

On oxidising the pyrogallic ethers from wood-tar creosote with more 
powerful reagents than atmospheric air, such as dilute chromic acid 
mixture, they are converted into quinonea. Thus, dimethyl pyro- 
gallate yielda cerulignone, C,gHitO(, a body which is identical 
wtth Rwchenbach's " cedriret," 

Beeohwood oil is of very variable composition. The following 
results were obtained by the author, in 1891, in the examination 
of two representative samples : 



Sped Ac gravity, 
Initial boiling 

Distillation 
commenced 



DistilUte below 

315' C, . . I 
ContaiDing — 

Water, . . . 

Pbenoloids, . ' 
Fhenoloids In ■ ' 

distlllBte ^ traces 

above 315" C, 

The phenoloids extracted from the oils by caustic alkali had the 

> Euplttanio acid bu Ihs oonititDtion of n hgumtthoiyl-Mirin, C,|H,(OCH|),0. 
RelchonbMh'i "pitticBl," vs)l«d b; Wichelhsai " sapiUanc," wuauJCof BDpU- 
toDio aoid (>r« J. S. C. I., 18S6, l&E). 
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folIowiDg charaotera, the whole 16 per cent from Ko. 2 sample 
being mizad and examined tt^ether: 







No. I. 


Ko. J. 


Specific gravity 




10686 


1-0760 


Water, . . , 




7 per cent 
loa'C. 


12 per cent 
loi- C. 


Initial boiling point. . ■ ■ 


DlBtillate below 220" C, . 


10 per cent 


IS percent 






(incloding 7 per 


(including 12 pe 






cent, of watet) 


cent of water] 


DiatJllate below ajo", . . 


3a per cent 


25 per cent 


1. .. 


HO", . . 


sa „ ,, 


4S „ „ 




'SO', ■ ■ 


67 ,, „ 


SO „ ,. 




sfxfi, . . 


76 „ „ 


6a „ „ 




a7o», . . 


82 „ - 






280", . . 


M „ » 


75 per cent 


" 


ago*, . . 


9° ,. „ 


76 „ „ 



These results present a striking contraat. Even including the 12 
per cent in the portion of the oil distilling above 315° C, No. 2 
yielded onlj 16 per cent, of phenoloids. The large proportion of 
water taken op bj the phenoloids of No. 2 is remarkable. 

B6hal and Choa;' give the following as tlie comparative 00m- 
posilion of beechwood and oak creosotes, freed from hydrocarbons: 



DistUIation-tempeiatare, " C., . aoo to aao aootoaio aootoaio 

Bpeci&c gravis, 1085 1-085 '068 

Monopbenols, 39'o 39-0 55 

Onaiacol, 19-7 *6'5 '4 

Creoaols and bomolognee, , . . . 40^ 33-1 31 

Loss, 13 a-4 

In making the foregoing analjaes, the heavy oil was acidulated 
with hydrochlorio acid and agitated with water to remove certain 
basic substances. The oily layer was then- treated with sodium 
hydroxide, a very considerable quantity of water added (since con- 
centrated alkali-Holutiona of phenoloids disaolve a certain quantity 
of indifferent oils), the undissolved oil separated, the alkaline liquid 
shaken with benzene to remove traces of hydrocarbons, &c, and 
then treated with a current of steam until the distillate do longer 
emelled strongly. The phenols were then set free by hydrochloric 

' Campt.r,«d., U» (ISM), 188; Ahrt. /. S. C. /., 1B94, 108T and 1187. 
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K(Ad, separated, the acid liquid agitated with benzene, and the 
phenols thus extracted recovered by evaporating off the benzene 
and added to tiie main quantity. 

From these results it would appear that the fraction of beech- 
wood creosote distilling between 210° and 220° contains no guaia- 
col. Oak creosote contains less guaiacol and more inonopheoolB 
than the beechwood product, and it is to the presence of these 
latter constituents that oak creosote owes its greater causticity. 

The following figures show the results obtained by the author^ 
in 1891, by the ezaminatioD of four typical samplee of beechwood 
creosote as supplied by leading manuiacturers : 





A. 


B. 


c 


!>■ 


Initial boiliBg point. . 






20I0C. 


i98» C. 


Fint drop distilled at 


197° c. 


ai8- C. 


no" C. 


204" C. 


DiatilUt« below 207° C. 








10 per cent 


. «>9° 








;i :; 
'i ;; 




, aio" 


Sp^JienL 






" 


', a>5° 


20 percent. 




10 percent 




, SI 6" 






as „ 








35 PM cent. 




*8 .. 


Ss per cent 




, ai8' 


43 ,. 




45 „ 






, aig" 


50 ., 




5° „ 


gaper cent 




, iao» 
', 222° 


53 ., 


5 per cent 


^ 1. 
64 „ 
70 „ 


95 per cent 




, "3° 


^3 per cent. 


aS percent 








, 2*4° 






83 percent 






, "5° 


70 per cent 


50 percent. 








, 226" 






90 per cent 






: S 


77 per cant. 


64 per cent 


95 per cent 






, 'y' 


84 per cent. 


jS percent 








, «35° 


90 „ 


90 „ 






Specific gravity, . . . 






10656 


1-0778 


Behavior with baryta- 










water, 


Distinct 




No reac- 


Slight pink 




reacliou. 


tion. 


tion. 


colontiOQ. 


Bebavior with alcoholic 










potash 


Solidified. 




Solidified 


Solidified on 








at ouce. 


standing. 
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A detailed Bnalysis of beechwood creosote dutilling between 200° 
and 210° is given by B^hal and Choaj* ae follofre: 

Phenol, $-2 

i-2-creaoI I0'4 

1-3 and i-4-creaols, tl'6 

i-3-etb;lpbei]ol 3-6 

'-3-4-iylen'jl, 3'0 

1-3-5-iylenol, 10 

Fbenob, TariouB, 6'3 

Gnaiacol, 25*0 

Creoool and its homolognae, . . . 35'0 



According to tbis analysis the proportion of guiuaco) io beech- 
wood creoeote is much smaller than is usually stated. The author's 
results (already given) obtained by distilling commercial creosote go 
generally to confirm the above figures, but show that the composition 
of the product is very variable. Fr^yss states that commercial 
beechwood creosote contains from 3 to 30 per cent, of guaiacol, from 
10to40percant of creosol, and a very variable proportion of moao- 
pbenols. 

In consequence of the large demand of recent years for guaia- 
col and its preparations, much of the wood-creosote now sold has 
been deprived of its guaiacol, so that it is now rare to find 
specimens containing even 20 per cent, of that constituent. 

B^hal and Choay' have devised a method for the determina- 
tion of guaiacol in wood creosote, based on the following prin- 
ciples: 1. Treatment of the sample with hydrofaromic acid, where- 
by the metbyl-ethers of the polyphenols are completely demetbyl- 
ated. Thus, guaiacol by such treatment yields catechol, and 
creosol gives homo- or methyl-catechol. 2. Distillation of the 
demethylated oil in a current of steam, whereby the monophenols 
(phenol, cresols, xylenols) are carried over and are thns sepa- 
rated from the polyphenols. 3. Extraction of catechol, homo- 
catechol, and any traces of unvolatilised monophenols by ether. 
4. Separation of catechol from homocatechol by treatment with 
benzene, which dissolves the former substance only. The following 
are the working details of the process as modified by M. Adrian:* 

■ Chap. rnuJ., U6 (I8BS), IBT. 

•A'on-. Ren., a, 97; AbtL J. S. C. I., 18B7, 387, 
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100 grm. weight of guaiacol or creosote is placed in a flask of 250 
c.c capacity, coDoected on the one hand with another flask which 
serves as a generator of gaseous hydrogen bromide (generated by 
the action of water on phoephorus tribromide) and on the other with 
an inclined reflux condenser. The exit-tube from the condenaer 
leads the gas through two wash-bottles containing water. The 
delivery tube between the geoerator and the guaiacol is furnished 
with a large bulb to prevent aspiration of the liquid when cooling. 
The gas is allowed to pass slowly through the guaiacol, which is 
gently warmed after the process has been in operation for half an 
hour, and continued for ninety minutes. It Is then cooled, transferred 
toalargeflask, diluted with 6 or 6 volumea of water, and all volatile 
bodiee removed by steam -distillation. When no more oily liquid 
cornea over, the distillation is stopped, the catechol in the residual 
liquor extracted, together with homocatechol, by washing out with 
ether, the ether cautiously distilled off, and the residue dried. This 
is then treated with dry benzene, which extracts the whole of the 
catechol produced by demethylation of the guaiacol originally 
present, leaving the homocatechol uudissolved. From the solution 
of benzene the catechol is crystallised out and weighed. Care must 
be taken at the end of the process to avoid the least trace of mois- 
ture in the residue and in the solvent, or crystallisation will not take 
place ; and even with perfectly dry benzene the mother-liquor must 
be concentrated and the catechol which crystallises out added to 
the main quantity. 

The monophenols which distil with steam are separated by 
Bdhal and Ghoay by fractionation and subsequent conversion 
into benzoaleB (see page 240). The methyl-derivativea of the 
dipbcDols are separated by precipitation with strontium hydroxide, 
the precipitate being decomposed by hydrochloric acid. They are 
thenfractionated, and, if necessary, con verted into carbonates by car- 
bon oxychloride, and further separated by fractional crystallisation. 

L. F. Kebler' has described the following process of determining 
guaiacol in creosote : 5 c.c of the sample are mixed with 60 c.c 
of a 20 per cent, solution of potassium hydroxide in alcohol. 
The crystalline mass of the potassium -derivatives of guaiacol and 
creosol, which forms in the course of half an hour, is pressed 
between filter-paper until dry and treated in a test-tube with 
6 cc. of 20 per cent, sulphuric acid. On beating the mixture, 

' Amtr. Jour. Pham., 18B9, Mfl. 
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theguaiacol kqi] creoeol rise to the BUr&oe. The liquid is theD 
diluted with Bufficient water to cause the oily layer to sink, wheu 
the aqueous portion is decanted aud the oil treated with 4 c.c. of 
concentrated ammonium hydroxide. A hard crystalline compound 
is immediately formed by the guaiacol, and a semi-crystalline mass 
is given after some time by the creoeol. On treating the crystalline 
mixture with petroleum spirit, ail but the ammonium compound of 
guaiacol is dissolved, and this can be purified by filtration and 
washing with petroleum spirit The compound is then decomposed 
by dilute sulphuric acid, the liberated guaiacol extracted by agita- 
Uon with petroleum spirit, and the solution evaporated in a tarred 
flask. 

Kebler' finds the proportion of guaiacol in commercial wood- 
creosote to range from 16 per cenL down to nil, and doubts the 
statement that creosote ever contained 60 per cent, of guaiacol.' 
He suggests that a range of boiling point [from 200° to 220° 
should be permitted. This extension would admit creoeol to an 
equality with guaiacol as a legitimate and valuable constituent of 
creosote, which would appear to be justifiable both fivm analogy and 
from what is positively known of the therapeutic action of creosol. 

A useful indication ofthepropordon of guaiacol present in wood- 
creosote is afforded by the specific gravity of the sample, or prefer- 
ably of the fraction distilling between 200° and 205° C. The 
specimens having the highest specific gravity are richest in guaiacol. 
The U. 8. Pharmacopeia (1890) requires wood-creosote to have a 
specific gravity not below 1 070 at 15° C, a character that does not 
exclude an article destitute of guaiacol. The British Pharmacopeia 
(1898) is slightly more ri^d, requiring a specific gravity of not lees 
than 1079. 

Creosote is commonly stated to be optically active. The British 
Pharmacopeia of 1885 alleged that it was dextro-rotatory, while 
the edition of 1898 asserts that it is levo-rotatory, both statements 
being misleading. As a rule, wood-creosote exhibits no sensible 
optical activity, and the same is true of pure guaiacol and creosol. 
Occasionally, specimens of creosote are met with which exhibit an 
insignificant activity, but the character is valueless as a practical 
teat. 

' Amer. Jour. Plmrm., 1899, i09. 

■ KablargiTe* the following d»U abt^ned b; tbe axuDlDAtion of aix •nmplti of 
aommeraUil vood-oriHiHU, pnnhusd in tbe Hailed Slstei, though the multa ahow 
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Wood-tar creosote of good quality hu »□ agraekble, vanilla-like 
odor, aod darkena in a marked manner on prolonged exposure to 
light. 

Ad alcoholic eolution of wood-tar ereoeota should not give any 
coloration whatever (neither blue nor reddish) with barium by- 
droiide. The teat may be made by dissolving the creosote in twice 
its measore (or a sufficiency) of petroleum spirit, which should 
form a perfectly clear solution ; and on shaking this liquid with an 
equal measure of saturated baryta-water no blue, violet, or red 
color should appear in either stratum. Buch c:oloia indicate the 
presence of cervlignol or other objectionable impuriUes. 

Wood-tar creosote is practically insoluble in strong solution of 
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ADULTERATIONS 07 WOOD CREOSOTE. 287 

ammoDium hydroxide, and when ghakea with one or two meaatirea 
thereof (sp. gr. 0'680) the mixture separatee on standing into two 
lay en, of which the lower or creoeotic layer cooeiderably exceeds the 
Tolunie of the sample used.' Genuine and pure wood -creosote, 
when agitated with ammonium hydroxide, will not acquire a color 
deeper than lemon-yellow in half an hour, and the upper aqueous 
stratum should be pale or yellowish. In twenty-four hours the creo- 
sote should have acquired a brown or olive-green tint, — not blue. 

According to the U. 8. Pharmacopeia (1890), " oa mixing 2 c.c. 
of creosote with 8 o.c, of a 7-5 per cent, solution of sodium hy- 
droxide, a clear, pale-yellowish liquid results, which becomes 
turbid when diluted with water, but clears up after 50 c.c. have 
been added (absence of neutral oils)." 

Adulteratioitb op Wood-cbeobotk. 

Wood-tar creosote has been sometimes adulterated with, or 
wholly substituted by, the crude phenols of coal-tar. The reactions 
of the creeols and zylenols resemble those of wood-creosote still 
mora closely than do those of phenol, and many of the proposed 
testa for differeutiation are valueless. 

Tbe reactions described below have been carefully studied by the 
author on specimens of pure phenol, Calvert's Mo. 6 carbolic 
acid (representing cresols), and Morson's creosote. The descrip- 
tions should be compared with the reactions of phenol and creeol 
given on page 259. 

a. Wood-tar creosote is also distinguished ftvm the coal-tar acids 
by its reaction with an ethereal solution of nitrocellulose. Shaken 
with half its measure of collodion, Calvert's No. & corbolio acid 
coagulates the gun-cotton to a transparent jelly, best observed 
by inclining the tube and causing the liquid to flow gently from one 
end to the other. Morson's creosote does not precipitate the 
aitrooellulose from collodion, but mixes perfectly with the ethereal 
solution. Addition of much wood creosote to a mixture of collodion 
and a coal-tar acid causes a re-eolution of the precipitated nitro- 
cellulose. When a mixture of equal volumes of Morsou'a creosote 
and Calvert's No. 6 carbolic acid ia shaken with half its measure of 
collodion, decided signs of precipitation are observed. With two- 

> Aocording to the Britiih PhumtoopcU (1893), if wood-or«HDle be agiUlea with 
Its timn it* maunra of BolatioD or *iDaion)Din bjdroiidg (ap. gr. 0'9SS) it< rolnme 
vdl Dot b« dimlDiBhed tnalariallj anleu coal-tar pheuoli be present. 
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thirdsoftb« coal-tar acids tooae third of creosote, the precipitation 
of nitrocelluloee ie very marked. 

b. When carefully used, a solution of ferric chloride afibrda a 
very eatuifactory means of distinguishing wood-creosote from coal- 
tar acids, but not for distioguisbiiig either in mixturea of the two. 
The reaction produced varies, however, in a somewhat curioua 
manner, according to the way in which the test is performed, the 
following being, in the author's experience, the most satisfactory 
metbodB of operating. 1. On placing a drop of Morson's wood-tar 
creosote in a hemispherical porcelain dish and adding a few drops 
of neutral solution of ferric chloride, a yellowish -brown coloration 
is produced, and on stirring the undissolved creosote acquires a red- 
dish-brown and the ferric solution an olive-brown tint. Calvert's 
Jfo. 5 carbolic acid, when similarly treated, acquires a light straw- 
color, while the ferTic solution aasumes a fine violet coloration, 
which is permanent. On slightly diluting the mixtures with 
alcohol they both yield olive-brown solutioiis, but on further 
addition of alcohol the creosotic mixture becomes a light olive- 
brown tint with a shade of green, while the carbolic solution turns 
light brown or amber without any green tinge. 2. On the other 
hand, if a drop of wood-creosote be dissolved in 10 drops of alcohol, 
and a drop or two of dilute ferric chloride added, a bluish-green 
GoloraUon iBproduced,changing toafinegreen, while Calvert's No. S 
carbolic acid yields a greenish-blue color under similar conditions. 
On adding sufficient ferric chloride to precipitate the wood creosote 
from its solution, an olive-brown coloration changing to deep brown 
is obtained; while the carbolic mixture retains its greenish-blue 
tint, though more or less disguised by the yellow color of the ferric 
solution. 3. The addition of one drop of a 10 per cent, aqueous 
solution of ferric chloride to 15 c.C of an aqueous solution of wood- 
creosote produces a green coloration, changing very rapidly to 
brownish yellow. The solution of a coal-tar acid when similarly 
treated gives a permanent violet-blue coloration. 

e. Morson's wood-tar creosote is sharply distinguished from 
the coal-tar acids by its insolubility in absolute glycerol (sp. gr. 
r258), whether one, two, or three times its volume of that liquid 
be employed. Other varieties of wood-creosote are somewhat more 
soluble in glycerol, but the solutions are readily precipitated on 
adding water. Guaiacol dissolves in absolute glycerol, but is pre- 
cipitated by dilution. 
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ai>iii.teiul,tion8 of wood-creosote. 2oa 

d. H a g e r modifiea this test b; using somewhat diluted glycerol. 
Three measures of absolute glycerol mixed with oue measure of 
water is an appropriatiB strength. For the detection of coal-tar 
adds in wood creosote, 1 measure of the sample should be 
thoroughly agitated in & Mohr's burette with 3 measures of the 
diluted glycerol, and the liquid allowed to stand till separation has 
occurred. If the creosote be pure, the volume will remain 
uachanged. If reduced, the glycerol layer is tapped off, and the 
remfuniiig creosote again shaken with three times its measure 
of diluted glycerol aud the measure again obserred. This second 
treatment will always suffice for the removal of the coal-tar acids, 
unless their proportion is very large, and hence the volume of the 
residual layer will indicate the proportion of real wood-creosote in 
the quantity of the sample taken. The nature of the residual 
creosote can be verified by the collodion test (a), while the coal-tar 
adds can be recovered from the glycerol solution by filtering it to 
remove suspended traces of wood -creosote, diluting with water, 
and agitating with chloroform. On spontaneous evaporation of 
the separated chloroform, the coal-tar acids are obtained in a con- 
dition of sufficient purity to allow of their positive recognidon.* 

From the foregoing reactions it will be seen that phenol, cresols, 
and wood-tar creosote can be readily distinguished from each other. 
The case is different when a mixture of the substances has to be 

' nager*! modiflcatian of the glycerol t«at for creoaote bu been ei&mEDed In tbs 
aatbor'a UborotDiy b; V. Chatlanay witb fairlj favonbls reeulti. The following 
flKorei, obtained wltli miitarM of i>ood-or«acot« uid Calvert'i No. & cubolio 
uad, ihaw the appntiimaUon to the tmth of whloh the method la capable : 
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290 PHENOLS. 

dealt vitb, ae in the case of a sample of wood-creoBote adulterated 
with crude carbolic acid. Ab the problem is to detect the coal-tar 
acids in presence of wood-tar creoeote, rather than the reverse, only 
affirmative tests for the former bodies are of serrice, and in man; caees 
these are seriously modified b; the simaltaoeouB presence of creo- 
sote. In &ct, the reactions with glycerol and collodion are the only 
two simple tests of real service, and tbeee are much affected by the 
presence of a coosiderable proportion of wood-creosote. If, however, 
the sample be treated with diluted glycerol, as described under d, 
and the ferric chloride and collodion tests be applied to the residue 
recovered by chloroform from the glycerol solution, the recognition 
of the coal-tar acids <»n be satia&ctorily effected. These tests are 
best applied to the portion dissolved by the first treatment with 
glycerol, a second treatment being necessary to complete the ex- 
traction of the coal-tar acids, but the additional quantity dissolved 
is liable to contain sufficient creosote to obscure the blue coloration 
with ferric chloride- In employing these tests it must be remem- 
bered that geouine wood-tar creosote contains distinct traces of 
phenol and creeolsandstillmoreof xylenoIs,andhenceadulteratJon 
should not be assumed unless the treatment with diluted glycerol 
effects the removal of a very notable quantity of coal-tar acids. 

A possible addition to wood-tar creoeote, but one which does not 
appear to have been noted, is that of blastfumaee creosote. This, 
being of very similar composition to wood -creosote, is very difficult 
to detect. The phenoloid bodies from blast-furnace creosote oils 
were distilled, and the fraction passing over between 210° and 220° 
examined in the author's laboratory by the foregoing tests for wood- 
creosote. The fraction itself readily gelatinised collodion, and gave 
with ferric chloride (test i 1) a slate-blue coloration changing to 
dirty brown. On treatment with diluted glycerol the greater part 
remained uudissolved, but the dissolved portion when recovered 
by chloroform had the odor of common phenol, coagulated col- 
lodion, and reacted with ferric chloride almost exactly like Cal- 
vert's Kd. 6 carbolic acid, except that by test b 1 the violet-blue 
changed to brown instead of being permanent (page 288). These 
reactions would allow of the detection of blast-furnace creosote in 
wood -creosote, but the insolubility of the greater part of the former 
product in diluted glycerol would render a separation of the two 
impossible by that means. If the adulteration of wood-creoeote 
by the portion of the blast-fiimace product insoluble in glycerol 
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were to be attempted, the reactioD with ferrio chloride and the 
gelfttlnisation of collodion would suffice to detect the sabstitution. 
The same is true of the fraction boiling below 240° of thepheno- 
hid bodies from a erode xAoZe oil, in addition to which their peculiar 
odor would attract attentiou. 

Blast-furnace Tar Creosote. 

He tar obtained by cooling the waste gasee &om blaat-fumacee 
(eee pnge 44) yields very little naphtha on distillation, and hence 
the " creosote oil" conmta of the whole distillate up to the point at 
which the oils solidify on cooling. BlaBt-fumace creosote oil is a 
thin, brown liquid, lighter than water. It cont^ns no naphthalene, 
but is rich in basic constituents and phenols. 

On treating 14 gallons of creoeote oil (sp. gr. 0988) condensed 
&om blast-furnace gasca with sodium hydroxide solution of 1'07 
specific gravity (6 per cent. NaHO), and decomposing the solution 
with dilute sulphuric acid, Watson Smith* obtained 2 gallons of 
crude creosote as a dark-brown liquid of 1'07 specific gravity. On 
fractionally distilling this product Smith obtained only 1*33 per 
cent, of phenol boiling at 182° G-, whereas the tar-acids from 
Loocoshire coal-tars yield about 65 per cent, of crystal lisable 
phenol. The fraction which would contain the oresols amounted to 
4-5 per cent, of the total tar-acids. The larger fraction (19'4 per 
cent.), distilling between 210° and 230°, probably consisted mainly 
of zylenols with guaiaool and creosol (see page 278). Theee 
results show that a close similarity exists between the phenoloid 
bodies of blast-furnace creosote and those contained in wood-tar. 
A large proportion of the creosote distilled at a temperature above 
230°, but the exact nature of this fraction is not at present known. 
The fraction distilling above 360° gave, on treatment with soda and 
exposure to air, nnstable coloring -matters, which ore probably 
allied to the eupittonic acid obtained from wood-tar (see page 280). 

It is probable that the extraction of the phenoloid bodies from 
the sample examined by Smith was not complete, as he used a 
dilute alkali. By repeatedly treating a sample of blast-furnace 
creoeote oil of 0'956 specific gravity with 19 per cenL solution of 
sodium hydroxide (ep. gr. 1'21), the author extracted 34 per cent, by 
measure of tar-acids, having a specific gravity of 1*0356. One hun- 
dred cc. of the«e acids gave very little distillate below 200° and 
' J. a. c. I., 1888, «T. 
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69'6 per cent below 250° C, the largest fraction (24 per cent) 
disUlliog between 220° and 230°. The fraction dlBtilling between 
210° and 220° ia deecribed on page 290. On treating a portion of 
the mixed tar-acids extracted by strong alkali with dilate eodium 
hydroxide solution (3*6 per cent, of NaHO), separating the insolu- 
ble portion, and acidulating tbe aqneoDS liquid, the phenols obtained 
were completely soluble in dilute glycerol, and gave a fine violet- 
blue coloration with ferric chloride. 

In a later contribution ' Smith reports the detection of the fol- 
lowing constituents of hlast-fumace creosote : Ordinary phenols, 
oresols (chiefly 1-3), xylenola (chiefly 1-3-4), trimethylphenols, 
and naphthols. 

Two samples of blast-furnace creosote oil examined by L. Arch* 
butt had a specific gravity of 0*960 and 0*956 reapectively, and 
yielded 35 and 29percent.ofpheaola to sodium hydroxide solution 
of 1-21 sp. gr. (19 per cent. NaHO). 

The phenoloids of blast-furnace tar contained in tli« "neoeote" 
of commerce are chiefly cresols. 

Neosote. — The phenoloids of hlast-fumace tar (page 44) have 
been patented byAllen and Angus under the aume of neotote 
(" new preservative "). This is obtained by treating blast-furnace 
creosote oil with caustic soda, separating the insoluble hydrocarbon 
oils, and decomposing the solution of the sodium compound by the 
waste-gases from the blast-furnaces. The carbon dioxide in the 
gaaes converts the sodium into carbonate and the phenoloids are set 
free. The solution of aodium carbonate is causticiaed with lime, 
and thus furnishes caustic soda for treating a fresh quantity of the 
creosote oil. The crude phenoloids are redistilled, the distillate con- 
stjtuting the " neoBote " of commerce. The figures in the table on 
opposite page, obtained by the author, show the behavior of a typical 
sample of neosote when distilled with a Glynsky'a fractionator. 

It will be observed that 278 per cent, passed over between 195° 
and 200°, and an additional 198 per cent, between 200° and 205°. 
The temperature remained absolutely constant at 197° for a con- 
siderable time, and again at 204°. The regular decrease in the 
Bpeciflc gravity of the fractions is interesting. The original sample 
contained 3*15 per cent, of hydrocarbons. 

Neosote contains only one or two units per cent, of crystallisable 
phenol, a large proportion of cresols, and gradually (~ 
» J. a. S„ 49 (1888), I 
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proportions of the faigber homologues. Oxypheoola, Bimilar to 
or identical with those of vood-creosote, are also present, but the 
method of purification adopted eliminates a large proportion of 
these constituents. When freshly distilled, neosote is almost as 
colorless as water, but it acquires a dark yellow or brown color by 
keeping. Experiments made to test the antiseptic value of neosote 
have shown that it is fully able to compare wit]i crude carbolic 
acid, while its caustic properties (when applied in a concentrated 
condition to the skin) appear to be much less marked than those of 
the gas-tar product. 



Below 174° (Water), 
From 174" to 190°, 
190= to 195°, 
195° to 197 Ji° 
197^° to 300= 



ao2^= 



Total below aas" C, 



3pkci»[c ORAVm 



1-049S 
1-0450 
1-0390 
1-0340 

I -0255 
i-0i8s 



Reoidne (by difference) 9-3, ccmtaiaing 1-05 per cent, of fajdrocarboos. 

Shale-oil Creosote. 

In the manufacture of hydrocarbon prodacts from the crude oil 
or tar obtained by the distillation of bituminous shale, tbe different 
fractions are washed with a strong solution of sodium hydroxide 
(page 39, el aeq.'). On decomposing the resultant viacons liquid or 
"soda-tar" by dilute acid, a mixture of crude phenoloid bodies 
b obtained, usually amounting to 1} to 2 per cent, of the cmde 
shale oil. The proportion and nature of the product vary with the 
character of the shale acd the manner in which the distillation was 
conducted. 

The "creosote" from shale oil presents a close general resem- 
blance to the parallel products from beech wood tar (page 280) and 
blast-furnace tar, with, however, the notable difference that creosol 
seems to be wholly absent Oa the other hand, zylenols are pres- 
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ent, also a cymenol, CidHkO, boiliag at 237° C. Three iaomerio 
phenols of the formula CigHuOH appear to be preeent. The beha- 
vior with reagents of the fraction distilling below 240° is described 
on page 291. The pyrogallic ethers boiling respectively at 253°, 
265°, and 285" (page 278), found by Hofm ann in wood-tar creo- 
sote, have also been isolated from shale creoaate. Other bodies of 
very high boiling point are present, but these have not been fully 
examined. 

Coal-tar Creosote and Creosote Oils. 

The term " creosote oil " was iormerly used to denote that por- 
tion of the distillate from ooal-tar intermediate between "crude 
naphtha" and pitch. It is practically synonymous with the 
" heavy oil " or " dead oil," bo called irom its being heavier than 
water. 

The name " creosote oil " is now sometimes applied to certain 
oils obtained by tho distillation of bituminous shale and by the 
cooling of the waste gases from blast-fumaceB, and also to the bone- 
oil produced in the manubctnre of animal charcoal. All these 
products are decidedly different In their chemical and physical 
characters irom the wood-tar and coal-tar products to which the 
name of creosote oil was first applied (see page 276). 

Gonliar Oreotote Oil commonly consists of that portion of coal- 
tar which distils between 200° and 300" C, together with the 
residual oils from the maoufactiire of crude carbolic acid, naphthal- 
ene, and anthracene (see page 200). This descriptioD, however, 
applies especially to the creosote oil produced in the beet-managed 
works. In some works, every residue which cannot be used for any 
other purpose finds its way Into the creosote-oil well. 

Fresh coal-tar creosote oil is greenish yellow and highly fluores- 
cent, the latter character h^ng still more evident after exposure of 
the oil to air and light AfW a time the oil becomes bottle green 
by reflected and dark red by transmitted light. The smell is 
unpleasant and highly characteristic. When rubbed between the 
fingers, the feel is at first oily, hut the tar-acids soon act on the 
skin, producing a sensation of friction. Creosote oil is always 
somewhat heavier than water, the spedfio gravity of the portions 
last distilling being as high as I'lO. It usually contains more or 
less naphthalene, pbenanthrene, anthracene, diphenyl, and other 
solid hydrocarbons; phenol, oresols, and higher pheaoloid 
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bodies; about 2 per cent of pyridine, cryptidine,quinoliDe,acridine, 
and other bodice of basic character ; and the ao-called indiffer- 
ent oils, fluid at ordinary temperatures, and about which com- 
paratively little is known, notwithstanding the enormous quantity 
of creosote oil produced (see " Kaphtbalene Oils," page 200). 

Noetling believes that the volatile phenoloids of creosote oil 
contain, in addition to a- and ^-naphthol and higher homologues of 
phenol, the phenols of anthracene and phenauthracene.' The dihy- 
drio phenols characteristic of wood-tar are conspicuous by their 
absence. 
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The preceding table shows the general character of coal-tar creo- 
sote oils of different kinds. The samples under A were the whole 
runninge of heavy oils distilled from samples of tar obtained from 
twenty different London gas-works. The samples of oil under B were 
produced at the works of the Gaslight and Coke Company at Beck- 
ton, and represent creosote oils from which portions of the green oils 
and naphthalenewereexcliided. Hence these samples are compara- 
tively rich in tar-acids, and give a larger distillate below (315° C.) 
than the whole runnings described under A. The liquefying point 
of the B samples ranged from 37° to 32° C, and the point of tur- 
bidity on cooling from 31° to 29° C. The samples in series C were 
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aaalyaed by L. Archbutt. All were completely fluid at 33° C, 
and many at 156° C. The sample yieldiog 72 per ceat of distillate 
and 135 of tar-acids waa the product of a special treatment. The 
eamplea in aeries C are probably somewhat richer in tar-acids than 
the generality of country oils. 

Writing in February, 1885, the late C. M. Tidy, who analysed 
the B samples, stated that the best LondoD creosote oils contain a 
proportion of tar-adds doeely approximating to 8 per cent., and be 
stipulated ibr this amount, believing it to secure the genuine char- 
acter of the oil. 

The dead oils made in London, and from the tar from Newcastle 
coal generally, are the richest in naphthalene and constituents of 
bigh boiling point, but contain only a moderate percentage of tar- 
acide. The " country oils," or oils from the Midland districts, are 
lighter, thinner, and more volatile than " London oils," and usually 
contain lees naphthalene and a larger proportion of tar-acids than 
the latter. The Scotch oils are largely derived from cancel coal, are 
still thinner and more volatile,and are sometimes lighter than water. 

Creosote oils from coal-tar receive their main application in the 
creoeoting or preserving of timber, and their technical assay is prac- 
tically limited to an examination of their suitability for this purpose. 
The impregnation of wood with creosote oil chokes up the pores 
and materially hinders the subsequent absorption of water. The 
odor of creosote oil is one much disliked by the lower animals, 
while certain of the constituents have a powerful antiseptic action.' 

' ThB prcmrTKtion of timber Iiu bci^n a enbjocC uf active inveatlgation Tor mui; 
jeui and muij paUmta hkre bcon iuued. Piobftbl; tba moBt tborough lynopaig of 
tba tbIu« and pnctioabllilj ot tbua prooeiEss ii oonCained in tbe report mads to tba 
Amarican Sooiet; of CItiI Engioeen in 1885. The concliuioD reaobed ii tbat c»o- 
■otiiig 13 the facut mottaod and tbat [be applloabilit; i< merolj a queatlon af expenic 
Wbers dpcaj ii rapid or timber costly, orcosotiug Till be eoonDmlcal, but tbe reTcne 
wbere decay ia alow or timber cheap. Tbe dssay of wood la due partly to direct 
oxidation, but muitly to tbe actioii of inierob« and the mycelium of fungi. Direct 
destruction unJ removal ot irouJj tiuue i> B.I90 brougbt alnut by tba action of iniecta 
and worms. All theaa influencea are mucb mora potent wben the timber !■ expoied to 
tbe joint or rapidly alteraktiog action of water uid air ; hence tbe rapid decay of 
railroad croas-tiee, tolcgraph polei, and wharf-piling. In the lait cue the mart 
eerioua damage ia done by severaJ boring animala, eipeoialiy the Itrrdo. Creoeoting, 
irhcD wall done, protects limber work against all the dcitruotiTa iaSuenoti, and in 
tropio waters i> ahaolntaiy neceiuary, linae a few montba will ■uDoe for the teredo 

Many faiiuree in oreosoting have 000 
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The preeerrative properties of creoeote oil have been ascribed to 
&e "tar-aoids," or phenoloid constituentB, as tbey are powerful 
antiseptics, coagulating albumin and rendering animal life impoe- 
sible, but it is probable tbat their value has been greatly overrated, 
since the solubility and volatility of the lower members prevent a 
permanent antiseptio influence. Hence the phenoloid bodies of high 
boiling point and slight solubility may be of more value for creo- 
soting timber than phenol and the cresols, but the lower members 
are doubtlees valuable as coagulators of albumin, and should be 
present in sufficient quantity to effect thia. If dissolved or volatilised 
from the timber, they will probably create an antiseptic stmosphere, 
and thuB prevent the approach of living organisms. The basic con- 
stituentB are also possibly of antiseptic value, and certain of them are 
not readily washed out or volatilised. The naphthalene of coal-tar 
creosote volatilises only from the superficial strata of the timber, 
and, by solidifying and filling up the pores of the wood, probably 
acts mechanically as a valuable preservative agent. 

Creosote oils have also been employed as iiiel, for production of 
illuminating gas, carburetting coal-gas, softening hard pitch, manu- 
fiwtnring lubricating compounds, burning for lamp-black, and pro- 
duction of antiBeptic preparations. The so-called " Luclgen light" 
is obtained by projecting a spray of creosote oil by compressed air, 
whereby a circular brush of flame of high illuminating power is 
produced. 

ottraatlng much attsntlon Trom {Ddaitrial «Dgiaeen, Till n rednoa the ooet of eroiMots 
th&t thaBnuioulphueorUieproblsm •rill b« In ft more utlsCiolory BUM. 

Much Tolumbla iafaTmBtion on tha nstnre ud mode of Htion of OKoaota oili will 
be foaud in m paper hj S.B.B oaltoa in Ihe Proetedingi o/ llu{Britith) ImtiluU 
of Citii Enginrirt for Ml.;, 18S4) for ft oopiooa ftbetrftot of whloh lee /. S. C. I., 
1884, 622. 

R. R i 1 1 m ft ; a r {Ding. Palgi. Jour., STL, 228), bfta published ft blatoricftl deicrjp- 
tlon of tha methods for pruBrriag timber, with compftrtioiu of tha reiulta obCftined. 

The prooesa of oreosoting maj be etfeoted bj plafliog the timber In ■ veasel bo 
oenaCructed that [be air ean be eibftnited. The oreoeota oil, prsTiouel? heated to a 
lempenture of Si" Co 90° C, ii allowed to enter the axhaiuted rooeiier, and pressure 
is then applied by pumps id order to afleot the better penetration of the antiaeptia 
Said. Aocording to an improved method inrented byB. B. Boulton, the eihaoation 
ia Dontinuod after the entrance of the areoaoCa, which ia heated to a temperature 
somewhat above 100° C. B; this means the moiatare contained In the porea of the 
wood la Tolatillaed and removed, and the oreoaote oil anbseqnently penetralea the 
wood Tet7 thorough];. Timber oao he treated b; tbia method w ithont being pre- 
Tiooslj leftioaed. The ftmouut of oreoaote oil ta^en up rarin ooDsiderablj, bat la 
Dsuftlly about one gallon per oubie foot of wood. 
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As previously stated (pi^e 296), the valae of creoaote oils for 
preeerriDg timber depends on sever&l couBtitueata, all of which 
should therefore be taken into account in the examinaljon. Un- 
fortunately, the naB&j of creosote oils is often conducted according 
to the arbitrary conditions of a contract-note drawn up without 
much reference to the chemical nature of the article to be assayed, 
or to the possibility of obtaining a fairly accurate determination of 
the leading constituents by the mode of operation prescribed. The 
early specifications often stipulated for a certain specific gravity ; the 
absence of la deposit when cold ; the presence of a certain proportion 
of tar-acids; the volatility of a certain percentage below 815° C; 
and, occasionally, still more arbitrary stipulations were made. 
Later specifications include no reference to the specific gravity, 
allow the presence of a considerable proportion of naphthalene, 
and sUpulate that a certain percentage of the oil shall not distil 
below a given temperature, instead of the opposite — this modifica- 
tion being a recognition of the value of the fractions of high 
boiling point.* No practical reet^nition has yet been made of the 

■ Iha ipMiflntion of the "Crown Ageoli for the Colimiea" (JdI;, tSSS) itipoltted 
tbM "the oreoaote ibiil not «>iitftiii DtorB than 30 per eeot. of naphthtleua, pkn- 
Q&phthalflne, or onj other (solid) Buhituics when aal^eoted to k tampcratare ef 40^ 
F." It klM etipuUtea for » ipecian gnTit; of 1-035 to 1-055 >t K tampanture 
otflO° F.i for ft distil late of »t loaat 75 per oent. below SIO° P., eonUIniDK kt leut 10 
per otDL of tu-aciila (oitneted h; aodk of M25 apeciSo gnritj), of which oae-balf 
■hoald diatil below 450° F. 

Tha following a,n detsila of recant BpeoiHcations for creoeote oil mppljed In the 
Hidlud Railwn; Compen; : 

The oroDsote lapplicd i> to be obtained aioliuiTelj- bj the distiHatioo of coal-tmr. 

It most become perTectl; Said when raised to a tempervture of 100° F., and mnrt 
remain petfcctlj fluid at a temperature of 00° F. 

It must hare a apeciBo gravit; of from 1-010 to 1-OBJ at OO' F., as compared with 
water (-1 000) at BfliiF. 

It inuat contain not It'iu Ihnn 35 per crot. (bj Tolume) of constitaenta that do not 
dialil over at a tempcralura of BOO" F., and, when teated in accordance with the 
instraationl annexed, it mnat yiolil not len than percent, (bj volume) oferuda Ur- 

The following dolaili of the method of teating craoaote oil> aupplied to the Midland 
Railwaj Company (England) under the foregoing apeciaoatioai hava been cQmmnnt- 
eatodbjL. Arehhutt. 

I. The eample ia to be wanned, if neoenary, until it ia perfectly fluid. Ona hun- 
dred c.fl. of tbe well-mlxad CTeosote are Chen to be poured into a 4-oi. tuhulateil retort, 
and heated gradually to a temperature of 600° F. by tha aid of a naked flame, ior- 
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anUaeptic valae of the baaic constituenta of creoBote oil, nor of the 
&ct that th« portion of the oil distilllDg below 316° C. does not 
contain the whole of the tar-acids. 

The BpeciGc gravity of creosote oil is not a criterioD of its euita- 
bilitf for treatiog timber, but is an indication of genuine character 
of the samples: that is, their derivation from coal-tar oolj. 

The presence of solid naphthalene in the cold creosote oil is no 
detriment, but the deposit sbonld whoUf dissolve on warming. A 
sample should become quite clear below 38° C, and should not 
become tnrbid again till cooled to 82° C. 

The liquefying point ia usually ascertained bj transferring an 
average sample of the oil to a teat-tabe, immersing a thermometer, 
and warming it gently till it becomes liquid. The point of turbid- 
it; is si milai;ly observed by allowing tlie tube to cool spontaneously. 
(See Vol. II, parti, p. 37.) 

These simple teats are much more satis&ctory than the assay for 
solid naphthalene, as required by the Crown Agents for the Colonies. 
If necessary, the approximate determination of the naphthalene may 

ronadad h^ *■ lorMD, tha diitillU* being callMted In a 1 00 0.0. gnduatod orlinder. 
Iha thermometer ii to be imraened, 10 th*t dt tha end of tha dintllUtion tha bulb li 
jaat ODt of the oil. Tha distillation shoald be oarrlod on u quiokl; u pDHible, due 
prccdution being taken to prerent mj Ion h? rolatiliution ; and the time ooenpied 
■hould not exceed thlrt; minntea. The diatilUta la to be meuurad Kt the asme tem- 
pentare u tha Driginal ereeaote. 

2. The distilUte obtained ibore ii to be ponred into & atoppered fluk of about S50 
0.0. oapacit;, and vigoroualj ihakeu with 30 c.e. of a aolntlon of osuitio Boda having 
a apeciSo graril; of 1'21. The fluk la then t« ba placed in a vater-OTen, heated for 
two or three minutea, and again ahaken Tigoronal/ for at loait one minute. The oon- 
tcnli of theflaik are next to ba ponred into a aeparating- funnel, allowed toetand nntil 
the liqnida ha>e completelr aeparaMd, and the eoda eolntion then drawn off Into a 
lO-ol. atopperwl giohnlar aopaiator. The oil left in tha aeparating- funnel ia to he 
retoTncd to the Saikand treated eiaotly aa before, but uaing onl^ 15 c.o. of the cauitio 
eoda aolntion. Aftor tha eoda aotutiun baa again bean drawn off, the treatment la to 
be repeated a third time if neaeasarj. 

3. Tha mixed alkaline aolntlon In the separator ia next to be well shaken with 
aboot TO o.e. of ether, to remove anj erooaole whioh haa eaeaped separation, and after 
the ether hna complete); separated, tha eoda aolution is to be drawn off into an 8-01. 
wida-necked llask, the ether being waahed with 2 to 3 c,a. of fresh soda solution which 
are added to that in the fiaak. The Bask ia neit to be placed over a aleam-bath, and 
allowed Ic remain until tha etber has oompletel; evaporated ; after which the alkaline 
liquid ii to be cooled and treated with diluted lolphnrie acid (1 vol. of acid to 3 voli. 
of water) until the solution is slightl; aoid and the crude tar>acids have oompletel; 
Mparated. The whole Ia then to be ponred into a graduated 100o.e.or ISO ccojlln- 
darand Iha volsm* of tar-acids read olTwhen sold. 
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be efiectecl in the maoner carried out ia tlie works-laboratory of 
MesHfB. Burt,Boalton & Haywood, u follows: — " 100 grm. 
of the sample are placed in a small beaker and cooled to a freezing 
mixture to 4*6*' C. The oil ia kept at that temperature for about 
fifteen minutes, after which it is thrown oq a cloth filter, placed in 
a small funnel inserted in a larger oue containing a freezing mix- 
ture, BO that a temperature of 40° F. may be maintaiued during 
the filtration. The filter-cloth and contents are then removed from 
the small funnel as quickly as possible, and pressed strongly be- 
tween coarse filter-paper in a copying press or vise. The pressed 
product is then detached from the cloth and weighed." 

The fallowing method, also employed in the works-laboratory of 
Messrs. Burt, Boulton & Haywood, is that usually adopted 
for ascertaining the behaTior of creosote oil on distillation ' : — 100 
c.c. measure of the oil are gradually heated in a 4 oz. tubulated retort, 
by a small, naked flame surrounded by a tin-plate cylinder. A 
thermometer should be arranged in the retort in such a position 
that on the termination of the distillation the bulb shall only just 
touch the residual liquid. The flame is arranged so that the distil- 
lation shall occupy about thirty minutes. The dbtillate should he 
collected in a graduated glass cylinder, and the proportion of water 
observed at an early stage of the operation, as later on it is again 
more or less completely taken up by the pheooloid constituents of 
the oil. The proportion of water in creosote oils is very variable, 
ranging from 1 or 2 to nearly 10 per cent. The distillation is 
arrested at 315° C, 321° C, or other temperature, as specified in 
the COD tract -note, the measure of the distillate being then observed. 

For the determination of the tar adds, it is usual to employ the 
distillate obtained in the last operation. This is transferred to a 
stoppered flask, holding about 250 c.c, and treated with 30 cc. of 
a solution of sodium hydroxide, made by dissolving 23 grm. 
of pure sodium hydroxide in water, and diluting to 100 c.c). 
The liquid is thoroughly agitated, heated for a few minutes in 
a water-bath, and again thoroughly agitated for about a minute. 
The whole is then poured into a separating funnel, the alkaline 
liquid drawn ofl', and the oil agitated with a further quantity of 
15 c.c. of the solution, which is then separated as before. To 
ascertwn if the extraction of the phenols is complete, it is neces- 

sMt.D.Btodii. 
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■eaxj to agitate the undiBBolved portion nith alkali a third time, 
and slightly acidify the liquid eeparately. Complete extracUon is 
generally indicated by the solution ceaeiog to acquire a reddish 
tint. The alkaline liquids are mixed, irell cooled, separated from 
any further stratum of oil, and treated nith a slight escesa of di- 
luted sulphuric acid (1 : 3), of which about 30 c.c. will be required. 
The mixture is then transferred to a graduated cylinder and allowed 
to cool completely, after which the volume of tar-acids is observed, 
the number of c.c. obtained being the percentage by measure of 
tar-acids in the sample under examination. This method is sub- 
stantially that prescribed hy Abel and Tidy. In the specification 
of the Crown Agents for the Colonies a ten per cent, solution of 
sodium hydroxide (sp. gr. 1*125) is employed, but otherwise the 
process is the same. 

Tidy employs 20 c.c. of alkaline solution for the second and 
third extractioDS. The tar-acida are separated and redissolved in 
20 c.c. of sodium hydroxide solution (20 per cenL), and 10 cc. of 
water. The solution is then boiled and filtered through a funnel 
containing a plug of asbestos. The plug is washed with not more 
than 6 c.c. of boiliog water, and the filtrate allowed to cool perfectly 
in a 100 c.c measure. It is then rendered slightly acid with diluted 
sulphuric acid, of which about 10 c.c. will be required, allowed to 
stand for two hours till perfectly cold, when the percentage of tar- 
acids is read off. The results are lower than those given by pro- 
cesses in which the re-solution of the tar-acids is omitted, owing to 
their imperfect recovery from the aqueous liquid. 

The foregoing modes of operation ignore such tar-acids as occur 
in the fraction of the oil distilling above 315° to 320° C, and 
do not ensure the comjiriete extraction of the acids existing in the 
less volatile portion of the oil. The proportion of these higher 
phenolotd bodies extractable by strong solution of sodium hydroxide 
from London coal-tar creosote varies from 2 to 4 per cent. A more 
accuiate and practical assay of creosote oil for the content of tar-acids 
would be effected by the following process: — The oil should be dis- 
tilled to the point of pitching, and the whole of the distillate sub- 
jected to the treatment with solution of soda. The alkali should at 
first be of moderate strength (e. g., 10 per cent.), but the operation 
should be repeated with fresh quantities of 30 per cent, solution (sp. 
gr. 1'34) until the extraction is complete, as shown by the separa- 
tion of mere traces of tar-acids on acidiffiug the alkaline liquid. 
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To cause the alkaline liquid to separate completely and promptly* 
from the stratum of indifferent oils, an addition of petroleum spirit 
should be made, and the whole again agitated. The petroleum 
spirit acts as a solvent for the oils, and alio preveDto the naph* 
thalene from aolldifying or being partly dissolved by the alkaline 
liquid. Instead of liberating and measuring the tar-acids in a 
graduated cylinder, a more accurate plan ia to employ a Qaek with 
a narrow, graduated neck. The layer of tar-acids is brought to the 
zero-mark by running in mercury from a burette. The tar-acids 
thus separated are not anhydrous. They can be further examined 
as described in the section treating of the aaaay of crude phenol. 

The foregoing modified method of estimating the tar-acids in 
creosote oils by isolation and measarMnent ia &r more satis&ctory 
Uian any process based on their conversion into the bromo-deriva* 
dves, as the latter plan involves the knowledge or assumption 
of their mean molecular WMght and of thai exact reaction with 
bromine. 

Although not usually practised, a valuable addition to the ordi- 
nary method of examining creosote oils consists in a determination 
of the basic constituents. This may be effected by distilling the 
sample to the point of cokiug and agitating the distillate with di- 
lated sulphuric add (1 to 3). The add liquid is separated, rendered 
distinctly alkaline with sodium hydroxide, any oily layer separatvd, 
and the aqueous liquid distilled nearly to dryness. This second 
distillate is mixed with the oily layer, the whole acidulated with 
hydrochloric acid, and evaporated to dryness on the water-bath, 
llie residue consists of the hydrochlorides of the tar-bases, from 
which the bases themselves may be liberated by solution in a small 
quantity of water and addition of solid sodium hydroxide to the 
liquid until saturated. If desired, the bases may be further examined 
by converting them into platinochloridea. 
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EXTKACnoN APPABATD8. 

The disadvantage of the Sozhlet appanttia u the use of cork 
oonnectlonB, which require frequent reneval and are very apt to 
leak. Ground-glaeB joints do not altogether prevent leakage. An 
improved apparatus, designed b; Knorr, has been much used in the 
laboratory of the Department of Agriculture at Washington, and 
is described by Wiley about as follows : " The principle of the con- 
struction of the apparatus lies in the complete suppreaaion of stop- 
pers and the sealing of the only joint with mercury. 

" A (Fig. 10) is the flask containing the solvent ; W a steam bath 
made by cutting off the top of a bottle, inverting it, and conducting 
the 8t«am by one of the tubes shown, while the condensed water 
runs out of the other. Concentric copper rings enable the opening 
to be made of any desired size. C, the condenser, is a long glass 
tube on which a number of bulbs have been blown, and which is 
fused to the hood for holding the material to be extracted, making 
R solid glass union. Before joining the tube at B the rubber 
stopper which is to hold it into the outside condenser of B is 
slipped on, or the rubber stopper may be cut into its center and 
slipped over the tube after the union is made. In case alcohol is 
to be used for extraction, the flask holding the solvent is placed 
entirely within the steam bath. 

" More detailed represeotations of the apparatus are shown in 
figures 12 and 13. In A (Fig. 10) is represented a sectioa of the 
flask which holds the solvent, showing how the sides of the hood 
containing the matter to be extracted pass over the neck of the 
flask, and showing at iS' a small siphon inserted in the space between 
the neck of the flask and the walls of the hood for the purpose of 
removing any solvent that may accumulate in this space. The 
flask is made by softening an ordinary flask at the neck, and 
pressing this in so as to form a cup to hold the mercury which 
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wals the uDion of the flask vith the coDdeoser. The fluk is held 
ID poeitioa by passing below it a rubber band, which is attached to 
two glass nipples blown on to the hood, as 
shown in the figure. The material to be 
extracted may be contained in an ordinary 
tube (Fig. 12), which may be made from a 
test-tube drawn out and a perforated plati- 
num disk sealed in at D. The containing 
tube rests upon the edges of the flask con- 
taining the solvent by means of nipples, 
shown at (. If a uphon tube is to be used, 
one of the most convenient forms is shown 
in figure 13, in which the siphon, lying 
entirely within the extraction tube, is pro- 
tected from breakage. By means of Knorr's 
apparatus, extractions can be carried on with Fjq. 12. Fis. IS. 
small quantities of solvent, scarcely any 

leakage occurring even with the most volatile 
liquids. The apparatus is always ready for use, 
no corks are to be extracted, and no ground- 
glass joints to be fitted." 

It must not be overlooked that mercury seals 
exposed constantly to the air of badly venti- 
lated rooms may emit sufficient vapor to cause 
chronic mercurial poisoning in some persons. 

For the recovery of the solvent the apparatus 
shown Id figure 11 is used, in which A is the flask 
containing the liquid. C may be a ground 
joint; the joints of A and B are sealed with 
mercury. 

Wiley ' has devised a form of continuous ex- 
traction apparatus, which is shown in figure 14. 
The outer vessel is a stout glass tube shaped 
like a test-tube. The inner vessel is made of 
nickel-plated metal in the form of a series of 
double cones; the flat plate at the top fi(s 
tightly on the ground surface of the glass ves- 
sel. Cold waterpasses continually through the interior of the metal 
vessel, by which the solvent is constantly condensed and drops 
'J. A. C.8., I8S3, Ui. 
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upon the material to b« treated, which is contained in a porcelain 
or platinum backet, o, with a detachable perforated bottom. The 
extract drops through thia bottom into a vase-like receiver resting 
on the bottom of the outer glaas vessel. Thia is not abown in 
the cut, and will not be required if the estimation be made b; 
the indirect method. Wile; operates the apparatus in a battery 




of four or more, immersed in water or other liquid heated to the 
proper temperature. 

DRYING APPARATUS. 
Temperatures of 100" and above are best maintaiDed by an air 
bath, a satisfactory form being that of Spencer (Fig. 15), in 
which an even temperature is maintained by means of a &n, run 
by electricity or other means. The oven is made of Russia 
iron, with double walls, and is cylindrical in shape. The walla 
are about one inch apart and the space between them is filled 
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with p1aat«r-of-Para or other noo- conducting material. The bot- 
tom of tbe ovea is also doable, the outer metal being RuBsia iron 
and the inner copper, mth an air space betveen. The apparatus 
is arranged to permit of drjing in a partial vacuum or in hydrogen, 
for which purpose tbe drying flasks A are employed. The top of tbe 
oven is made double, with perforations sufficiently large to admit the 
flasks. The space between the tops is also filled with non-conducUng 
material. After the flasks are placed in position the open space is 
closed with a cover, in the center of which is a hole through which 
the neck of the flask passes. The oven is heated with a cylindrical, 
flat, copper lamp, which is regulated by an ordinary mercury regu- 
lator. The temperature at which tbe drying is to be made can be 
fixed at any desired point, 
from low temperature up 
to as high as can safely be 
used without charring the 
material to be desiccated. 
For ordinary work the 
regulator is set for 100° C. 
Tbe drying flask A is 
made with a roanded bot- 
tom, and its content ranges 
from 160 to 200 c.c. It is 
closed with a rubber stop- 
per carrying a water trap 
bulb, H H', arranged that 
the vapor of water which 
condenses within the ex- 
haust tube, instead of falling back into the flask, remtuns trapped 
in the water bulb. AU the flasks in the oven are connected by 
means of a common connection, E, with a vacuum pump capable 
of producing a vacuum of from 26 to 27 inches. A layer of 
sand or pumice may be placed in the bottom of the flask, on 
which is placed tbe sample to be dried, and the water is det«r- 
mined by weighing the flask and contents before and after the 
drying. If desired, a current of hydrogen or other gas may be 
introduced into the flask during tbe operation by pasuQg a very 
small glass tube through the cork joined to another tube by a 
rubber connection immediately below the cork. The inner tube 
should pass nearly to the bottom of tbe flask and be weighed with 
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it. The hjrdrogeD is drawn into the flask, passing through a vasb- 
bottle containing caustic soda, another contMning sulphuric acid, 
and lastly over solid potash. The speed of the current, which need 
not be very great, is controlled by a stop or pinch-cock. Any of 
the sample which may touch the inner tube during the intumes- 
cence caused by desiccatioD remaios thereon, and is weighed, at the 
end of the operation, with the tube, which is detached and left in 
the drying bulb. 




(^(pa ^m 



Figure 17 shows a very convenient form of drying oven for use 
with a current of hydrogen. The apparatus was designed hy Cald- 
well especially to carry out the methods of determining moisture, 
ether-extract, and crude fiber prescribed by the A. 0. A. C, all 
three data being determined on the same sample. 

The bath is made of copper and is 24 cm. long, 16 high, and 6i 
broad. This bath stands in a piece of sheet copper bent up at right 
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EDf^Iea along the sideB, aa shown in tbe end view ; on one side this 
verdcal part need not be over 1 cm. high, just enough to project a 
little up the side of the bath, which reela snugly against it ; along 
tbe other side it projects upward, at a little distance from the side 
of the bath, about 15 mm., and to about the height of 4 cm.; 
opposite each of the tubea of the bath a slot is cut in this vertical 
part, which serves then as a shoulder gainst which the glass tube 
resta when in place, to keep it from slipping down and out of posi- 
tion. 

Tbe tube for containing the substance has at the zone a three 
small projectioDB on the inner sur&ce, which support a perforated 
platinum duk of rather heavy platinum foil carrying the asbestos 
filter. This tube is 13 cm. long and 23 mm. inner diameter, and 
weighs, with its closed stoppers, about 30 grms. 

The filter is readily made in tbe same manner as the G^ooch filter, 
the tube being first fitted to a suction flask by ac enlargement of 
one of the holes of the rubber cork, or, better still, by slipping a 
short piece of rubber tube over it, of such thickness that it will fit 
tightly in the mouth of a suction flask provided with lateral tube 
for connection with the suction. A thin welt of asbeatoa is suffi- 
taeat ; if it is too thick, the gas and ether will not flow through 
readily. 

About 2 grms. of the substance are put in this tube, previously 
weighed with the stoppers b and c, and the weight of the substance 
accurately determined by weighing tube and contents. The stop- 
pers are removed, a band of thin asbestos paper is wound around 
the end d of the tube, a little behind tbe slight shoulder at the 
rim, as many times as may be necessary to make a snug fit when 
this tube is slid down into the copper tube in the bath, thus pre- 
venting circulation of air between tbe glass and the copper tubes that 
would retard the heating of the former ; the stopper e is put in the 
lower end of the tube for connection with the hydrogen supply, 
and the stopper/ in the upper end ; this latter stopper is connected 
by rubber tube with a glass tube slipping easily through one of the 
holes of a rubber cork closing a small flask containing a little 
sulphuric acid, into which this tube just dips; when as many tubes 
as are to be charged are thus arranged in place and the hydrogen 
is turned on, the even flow of tbe current through the whole num- 
ber is secured by rusing or lowering a very little the several tubea 
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through which the outfiow passes, so as to get a little more back 
pressure for one, or a little less for another, as may be found neces- 
sary. When the drying is supposed to be completed, the tubes are 
weighed again with their closed Btoppers, and so on. 

For ether-extraction the unstoppered tube with contents is pat 
directly into the extractor. 
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TABLE A. 

COMPAEISON OF SPECIFIC GEiVITT AND BEAUMfe DEGKEE8. 

TheBguTcsof the third coloBui (lG.E°C.)>ra)iaMrdlngti>tb« Am«tlaD6UDdu>d. 
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09939 


42 





8190 


o 


8139 


73 


06985 


0-6897 


13 





986s 


0-9859 


43 





8155 





8093 


74 


0-6951 


06863 


13 





9800 


09790 


44 





Silt 





8o4S 


75 


0-6919 


0-6829 


H 





9733 


0-9733 


45 





8066 





8000 


76 


0-6S87 


0-6796 


15 





9688 


0-9655 


46 





8033 





79S4 


77 


0-6854 


06763 


16 





9605 


0-9589 


47 





7978 





7909 


78 


a-6S23 


06731 


17 





9S4» 


0-9533 


48 





7935 





7865 


79 


0-6790 


06699 


IS 





9480 


0-9459 


49 





7892 


□ 


7821 


80 


0-6759 


06667 


'9 





9419 


0-9395 


50 





7849 





7777 


8t 


0-6728 


0-6635 


20 





93S9 


0-9333 


51 





7807 





7734 


83 


06697 


06604 


Zl 





9299 


0-9371 


5* 





7765 





7693 


83 


06667 


0-6573 


23 




9240 


09310 


53 





77H 





7650 


84 


0-6636 


0-6543 


33 





9'79 


0-9150 


54 





7684 





7608 


85 


0-6606 


0-6511 


»4 




9"5 


09090 


55 


D 


7644 





7567 


86 


0-6576 


0-6483 


=5 





9068 


0-9032 


56 





7604 





75*6 


87 


°-6547 


06453 


36 





9013 


0-8974 


57 





7564 





7486 


88 


0-6518 


0-6433 


a; 





89S7 


0-8917 


58 





75*5 





7446 


89 


06489 


0-649.1 


38 




8903 


O'SSte 


S9 





7486 





7407 


90 


0-6460 


0-6363 


39 





8848 


08805 


60 





7449 





7368 


91 


0-6432 


06334 


30 





879s 


0-8750 


61 





741 1 





73^9 


93 


0-6404 


0-6306 


3" 





8743 


08695 


62 





7373 





7290 


93 


0-6376 


0-6278 


3* 





8690 


0-8641 


63 





7336 





7*53 


94 


0-634S 


0-6350 


33 




8639 


0-S5S8 


64 


□ 


7399 





7316 


95 


06330 


06321 


34 





8589 


0-8536 


65 


□ 


7263 





7'79 


96 


0-6293 


0-6195 


3S 





8538 


0-8484 


66 




7337 





7143 


97 


o-6a66 


0-6167 


36 


□ 


&,9i 


08433 


67 





7191 





7106 


98 


0-6339 


0-6141 


37 





8459 


0-8383 


68 





7155 





7070 


99 


0-63I2 


0-6115 


38 





8390 


0-8333 


69 





7120 





7035 


100 


06186 


06087 


39 





8342 


08384 


70 





7087 





7000 


lOI 


o-6i6o 


0-6060 


40 


" 


839s 


0-8235 


7" 


" 


7053 


° 


6965 


102 


0-6134 


06034 
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TABLE B. 
OOHFASISON OF CENTIGRADE AND FAHBENHEIT DEGREES. 



ID leu otherwiM mu-ked. 



Di„i„«b,Googlc 



THERKOMBTBIC DEOKEES. 



c. 


F. 


C. 


F. 


c. 


F. 


aooo-o 


3631-0 


1371I 


2500-0 


800-0 


1472-0 


19000 


34Sio 


1300-0 


2373-0 


760-0 


1400 





iSoo-o 


3272-0 


laoo-o 


2191-0 


704,-4 


1300 





1700-0 


30930 


IIOO-O 


30I2-0 


700-0 


129a 





16487 


30000 


'093-3 


3O0O-O 


648-8 


laoo 





16000 


39II-0 


1000 -o 


1832-0 




1112 





15000 


^732-0 


900-0 


16520 


593 3 


1100 





1400-0 


2552-0 


8.5-5 


1500-0 


537-7 


1000 


•» 



c 


F. 


c. 


F. 


c. 


F. 


537-7 


,000-0 


4211 


790-0 


304-4 


580-0 


53*-i 


990-0 


4Kro 


788-0 


300-0 


572-0 


530-0 


986-0 


4'5-6 


780-0 


298-6 


S70-0 


S26-6 


9800 


4100 


770-0 


293-1 


5600 


521-1 


970-0 


404-4 


760-0 


290-0 


554-0 


Sw'-o 


968-0 


400-0 


752-0 


287-5 


SSo-o 


515-6 


960^ 


398-6 


750-0 


2S3I 


S4O-0 


SI0.-0 


950-0 


393-' 


740-0 


280-0 


536-0 


504-4 


940-0 


390-0 


734-0 


276-6 


530-0 


500-0 


93»-o 


387-6 


730-0 


271-' 


520-0 


4980 


930-0 


382-1 


720-0 


270-0 


S18-0 


493-a 


920-0 


380-0 


716-0 


265-6 


510-0 


490-0 


914-0 


376-6 


710-0 


260-0 


500-0 


487-7 


910-0 


371 -1 


700-0 


!iS9-4 


499-0 


481-1 


900-0 


370-0 


698-0 


2S9-0 


498-2 


480-0 


896-0 


3656 


690^ 


258-9 


498-0 


476-6 


890-0 


360-0 


6800 


*58-3 


497 -o 


471-1 


880-0 


354-4 


670-0 


258-0 


496-4 


470-0 


878-0 


350-0 


662-0 


257-8 


4960 


465-6 


8700 


348-6 


660-0 


257-1 


495 


460-0 


860-O 


3431 


650-0 


257-0 


494-6 


454-4 


850-0 


340-0 


644-0 


256-e 


494-0 


450 


8420 


337-6 


640-0 


256-1 


493-0 


4486 


8400 


33^-1 


630-0 


256-0 


492-8 


443-' 


830-0 


330-0 


626-0 


255-5 


492-0 


440-0 


824^ 


326-6 


6200 


255-0 


491-0 


437-fi 




3MI 


610-0 


254-4 


490-0 


43*1 


810-0 


320-0 


609-0 


254-0 


489-2 


4300 


806-0 


3156 


600-0 


253 -9 


489-0 


426-6 


800-0 


3IO-0 


590-0 


253-3 


488-0 



.oo^lc 



THEBHOHBTBIC DEOBEEe. 



c. 


F. 


C. 


F. 


c 


r. 


2530 


487-4 


236-6 


458-0 


330-0 


428-0 


asa-8 


487-0 


236-1 


457-0 


319-4 


437-0 


aSa-2 


486-0 


236-0 


456-8 


219-0 


426-3 


2510 


485-6 


235-5 


456-0 


218-9 


426 1. 


2Sf6 


485-0 


235-0 


4S5 


318 -3 


425-0 


251 I 


4840 


234-4 


4540 


2180 


424-4 


iSi-o 


483-8 


234-0 


453-2 


217-8 


424-0 


H°S 


483-0 


2339 


4S3-0 


317-2 


423-0 


250-0 


4820 


2333 


4S2-0 


2170 


423-6 


2494 


4810 


233-0 


45«4 


2166 


433-0 


1490 


480-2 


232-8 


451-0 


2t6-I 


421-0 


3489 


480-0 


232-1 


450-0 


2160 


420-8 


^•3 


479-0 


232-0 


449-6 


215-5 


420-0 


2480 


478-4 


331-6 


4490 


215-0 


419-0 


2478 


478-0 


331-' 


448-0 


314-4 


418-0 


m-' 


477-0 


2310 


447-8 


214-0 


417-2 


1470 


476-6 


230-5 


447-0 


2139 


417-0 


246'6 


476-0 


230-0 


446-0 


213-3 


416-0 


2461 


47S-0 


229-4 


44S-0 


213-0 


415-4 


346-0 


474-8 


229-0 


444-3 


212-8 


4'5-o 


*4SS 


474-0 


328-9 


444-0 


312-2 


414-0 


245-0 


473-° 


228-3 


443-0 


2t2-0 


413-6 


a44-4 


472-0 


228-0 


4424 


211-6 


413-0 


244-0 


47 1 -2 


227-8 


442-0 


2II-I 


412-0 


243-9 


471-0 


327-2 


441-0 


211-0 


411-8 


2433 


470-0 


327-0 


440-6 


2IO-S 


41IX» 


1430 


4694 


326-6 


440-0 




410-0 


242 'S 


469-0 


226-1 


439-0 


209-4 


409-0 


242-2 


468-0 


226-0 


438-8 


209-0 


408-3 


242-0 


467-6 


225-5 


4380 


208-9 


408-0 


241-6 


467-0 


225-0 


4370 


208-3 


407-0 


341-1 


466-0 


224-4 


4360 


208-0 


406-4 


24«'0 


4658 


234-0 


435-2 


207-8 


406-0 


240-S 


4650 


223-9 


435-0 


207-2 


405-0 


240-0 


464-0 


2233 


434-0 


207-0 


404-6 


»39-4 


4630 


223-0 


433-4 


306-6 


4040 


239-0 


462-2 


222-8 


433-0 


206-1 


4030 


2389 


4620 


222-2 


432-0 


306.0 


403-8 


238-3 


4610 


222-0 


43>'6 


205-5 


403-0 


a38-o 


460-4 


231-6 


43' -0 


205-0 


401-0 


237-8 


460-0 


23I-I 


430-0 


W4 4 


400-O 


237-2 


459-0 


221-0 


4298 


204-0 


399-» 


237-0 


458-6 


220-5 


4290 


203-9 


3990 



„Googlc 



THEBHOUETBIC DEOREEB. 



c 


F. 


c. 


F. 


c. 


F. 


W3-3 


398-0 


187-0 


368-6 


170-5 


3390 


ao3-o 


397-4 


186-6 


368-0 


170-0 


3380 


202 '8 


397-0 


iS6'i 


.367-0 


169-4 


337 -o 


ao2-2 


3960 


186-0 


3668 


leg-o 


336-2 


202 -o 


395-6 


1855 


366^ 


16S-9 


336-0 


aoi-6 


39S-0 


1850 


365-0 


168-3 


335-0 


aoi-i 


394-0 


1844 


3640 


168-0 


334-4 


aoi-o 


393-8 


184-0 


363-2 


167-8 


334-0 


aoo.s 


393-0 


183-9 


3630 


167-2 


333-0 


2000 


392 


'83-3 


3620 


167-0 


332-6 


199-4. 


391 


183^ 


361-4 


166-6 


3320 


1990 


390-2 


1S2-8 


3610 


166-1 


33>o 


198-9 


390^ 


i8i-2 


3600 


166-0 


330-8 


■983 


3890 


182-0 


359-6 


165 -s 


330-0 


198-0 


388-4 


igi'6 


3S9'0 


1650 


329-0 


197-8 


388-0 


1811 


3S8-0 


164-4 


328.0 


197-1 


3870 


i8ro 


357-8 


164-0 


327-2 


197 -o 


3866 


180-5 


357 -0 


163-9 


327-0 


i96-6 


386-0 


1800 


3S6-P 


163-3 


326-0 


1961 


385-0 


«79-4 


355-0 


163-0 


325-4 


196-0 


384-8 


179-0 


354-2 


162-8 


325-0 


IMS 


384-0 


178-9 


3S4-0 


163-3 


324-0 


1950 


3830 


178-3 


353-0 


162-0 


333-6 


"94-4 


3820 


178-0 


35a-4 


t6i-6 


323-0 


1940 


381-2 


177-8 


351-0 


161 ■! 


322-0 


'93-9 


381-0 


177-* 


351 -o 


161-0 


321-8 


193-3 


380-0 


177-0 


3SO-6 


160-5 


321-0 


1930 


379-4 


176-6 


3500 


160-0 


320-0 


iga-S 


3790 


176-1 


349-0 


'59-4 


319-0 


192-1 


378-0 


176-0 


348-8 


1590 


31S-2 


1920 


377-6 


'755 


3480 


158-9 


318-0 


191 -6 


3770 


I75-0 


3470 


158-3 


317-0 


191 I 


3760 


'74-4 


3460 


158-0 


316-4 


igio 


375-8 


174-0 


34S-2 


157-8 


316-0 


190-5 


3750 


173-9 


3450 


157-2 


315-0 


190-0 


3740 


173-3 


3440 


IS7-0 


314-6 


189-4 


373-0 


1730 


343-4 


1566 


314-0 


189-0 


372-2 


172-8 


3430 


156-1 


3'3-o 


188-9 


372 -o 


172a 


342-0 


1560 


312-8 


188-3 


3710 


1720 


341-6 


'555 


312-0 


1S8-0 


370-4 


171-6 


341 -o 


1550 


311-0 


187-8 


370-0 


171-1 


340-0 


1S4-4 


310-0 


187-2 


369-0 


1710 


339-8 


154-0 


309-2 



.ociylc 



THERMOMIi^TRIO DEQREEB. 



c. 


F. 


c. 


r. 


C. 


K 


'S3-9 


309-0 


"37-2 


279-0 


121 -0 


2498 


'53-3 


308-0 


137-0 


2786 


1205 


2490 


'S3 


507-4 


136-6 


278-0 


120-0 


2480 


■53'S 


307-0 


136" 


2770 


119-4 


247-0 


iSaa 


306^ 


136-0 


276-8 


1190 


246-2 


■510 


30s -6 


'35-5 


276-0 


1.8^ 


246-0 


IS I -6 


3050 


J35-0 


2750 


118 3 


245-0 


IS I I 


304-0 


'34-4 


274-0 


1180 


244.4 


iSio 


303-8 


134-0 


273-2 


1.7-8 


244-0 


«5oS 


303-0 


133-9 


2730 


117-2 


243-0 


150-0 


302-0 


133-3 


272-0 


1170 


242-6 


1494 


301-0 


1330 


2714 


116-6 


2420 


I49-0 


300-2 


132-8 


2710 


1161 


241-0 


I48'9 


3000 


1322 


2700 


1 16.0 


340-8 


1483 


2990 


132-0 


269-6 


"55 


340-0 


148-0 


2984 


13' 6 


2690 


115-0 


2390 


147-8 


298-0 


131-1 


268-0 


114-4 


238-0 


147-3 


297-0 


131-0 


267-8 


114-0 


2372 


1470 


296-6 


•305 


267-0 


113 -9 


2370 


1466 


2960 


1300 


266-0 


"3-3 


3360 


146- 1 


295 -o 


129-4 


265-0 


1130 


235-4 


1460 


2948 


1290 


264-2 


112-8 


235-0 


I4SS 


294-0 


1289 


264-0 


112-2 


2340 


USO 


393-0 


.283 


263-0 


112-0 


»33-6 


I+44 


2920 


iiS-o 


262-4 


III -6 


233-0 


1440 


2912 


127-8 


262-0 


111-1 


232-0 


M3-9 


*9i-o 


127-2 


2610 


lll-O 


231-8 


143-3 


290-0 


1270 


260-6 


1105 


231-0 


143-0 


289-4 


126-6 


2600 


1100 


2300 


142-8 


289-0 


1261 


2S9-0 


109-V 


229-0 


142-1 


2880 


1260 


258-8 


109-0 


228-2 


1410 


287-6 


•25 5 


2580 


.08-9 


328 -O 


141 -6 


2870 


1250 


2570 


108-3 


327-0 


14M 


286-0 


124-4 


2560 


io8-o 


226-4 


141-0 


285-8 


1240 


255-2 


107-8 


226-0 


1405 


285-0 


123-9 


255-0 


107 -a 


3250 


1400 


284-0 


"33 


254-0 


107-0 


224-6 


'39-4 


2S3-0 


1230 


253-4. 


1066 


214-0 


139-0 


282-2 


122-8 


253-0 


1061 


2130 


1389 


282-0 


122-2 


252-0 


106-0 


2238 


13S-3 


2S1-0 


122-0 


2516 


1055 


232-0 


1380 


zSo-4 


121 -6 


2510 


ios« 


221 -O 


137.8 


280.0 


'"■' 


2500 


104-4 


220-0 



.Otitic 



DEGREES. 



c. 


F. 


c. 


F. 


C. 


F. 


1040 


219-2 


87-8 


190-0 


711 


160-0 


103 '9 


219-0 


87-2 


1890 


71-0 


1598 


Io3'3 


218-0 


87-0 


t8S-6 


70'S 


1590 


1030 


217-4 


86-6 


I8S-0 


70-0 


158-0 


I02-8 


217-0 


86-1 


187-0 


694 


157-0 


102-I 


216-0 


860 


l86'8 


690 


156-2 


lOZO 


215-6 


85S 


I86-0 


68-9 


.56-0 


101 -6 


215-0 


850 


185-0 


68-3 


IS50 


101 -I 


2I4-0 


84-4 


184-0 


680 


'54-4 


101 


2138 


84-0 


<83-2 


678 


154-0 


IOCS 


213-0 


839 


1830 


67-2 


"530 


100-0 


2120 


833 


182-0 


67-0 


152-6 


994 


2110 


830 


181 -4 


66-6 


1520 


99-0 


210' 2 


82-8 


181 


66-1 


1510 


989 


2100 


822 


1800 


66-0 


150-8 


983 


IO9O 


82-0 


1796 


6s -5 


1500 


980 


208 -4 


81-6 


179-0 


65-0 


1490 


97 '8 


2080 


81-1 


178-0 


64-4 


148-0 


97 'S 


207 -o 


810 


1778 


64-0 


147-2 


970 


2066 


805 


177-0 


63-9 


1470 


966 


206-0 


So-o 


176-0 


63-3 


H6-0 


961 


2=5 -o 


79-4 


I7S-0 


63-0 


"45-4 


960 


2048 


79-0 


174-2 


62-8 


1450 


95 5 


204-0 


789 


1740 


62-2 


144-0 


950 


203-0 


78-3 


1730 


62-0 


1436 


94 4 


202-0 


78-0 


172-4 


61-6 


I43-0 


94 -o 


201-2 


77-8 


172-0 


611 


I4J-0 


93-9 


20I-0 


77-^ 


1710 


61-0 


1418 


93-3 


200-0 


77 'O 


170-6 


60s 


1410 


93-0 


199-4 


76-6 


170-0 


600 


140-0 


9=8 


1990 


761 


169-0 


59 '4 


1390 


92 a 


198-0 


76-0 


i6S'8 


59-0 


1382 


92-0 


1976 


75 '5 


168-0 


58-9 


.380 


91-6 


197-0 


75-0 


167-0 


583 


137-0 


91 1 


i960 


744 


1660 


580 


136-4 


910 


'958 


74-0 


165-2 


57-8 


136-0 


90-5 


1950 


73-9 


.650 


57-2 


«35<:' 


900 


1940 


73*3 


164-0 


57-0 


1346 


894 


1930 


73-0 


.634 


56-6 


1340 


890 


1922 


72-8 


1630 


561 


'33° 


8S-9 


1920 


72-2 


162-0 


560 


1328 


88 J 


191-0 


72-0 


161 6 


SSS 


lj2 


880 


1904 


'■■' 




550 


131-0 



„Googlc 



c. 


F. 


c. 


F. 


c 


''- 


54 '4 


130-0 


380 


100-4 


31-6 


71-0 


540 


129a 


37 '8 


100 -o 


211 


70^ 


53-9 


129-0 


37 a 


990 


21 


69-8 


53-3 


128-0 


37-0 


98-6 


20-6 


690 


syo 


127-4 


36-6 


980 


200 


68-0 


528 


1270 


36-1 


97-0 


19-4 


67-0 


5*2 


116-0 


36-0 


968 


190 


66-2 


Sfo 


.25-6 


35 S 


960 


189 


66-0 


S.-6 


1250 


3SO 


950 


18-4 


6S-0 


SI' 
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34'4 


940 
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64-4 


Si-o 


123-8 


34-0 


93-2 


17-7 
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123-0 


33-9 


930 


17-2 


63-0 
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33-3 


92-0 


17-0 


61-6 


49-4 


I21-0 


33 'O 


91-4 


i6'6 
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490 
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3^-8 
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16- 1 


61-0 


489 


12O'0 
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6o-8 


48-3 
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310 
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15-S5 


60-0 
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316 
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S9-0 


47-8 
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S8-0 


47-2 
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140 


57 -a 


47 '0 
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S7-0 


46-6 


116-0 


30-0 
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»3-3 


56-0 
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55 '4 


46-0 
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55 -o 


45 -S 
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12-2 


S4-0 
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1130 


28-3 
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5i« 


43-3 
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27-0 
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.0-6 
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43 -o 
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26-7 
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42-8 
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26-2 
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94 


49-0 
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26-0 


78-8 


90 
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420 


107-6 
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78-0 


8-9 
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25-0 


77-0 


8-3 


47 -o 


411 
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244 
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8-0 


46-4 


41 
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24-0 
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7-7 


46-0 
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23-9 
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7-2 


45 -o 
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23-3 
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44-6 
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37 
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-23-8 
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60 
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40 
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10 
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32 
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— 26-0 


0-6 


33 -o 
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-17-2 


10 


-33-9 
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—11 


30-0 
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00 
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-29-2 
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-34-4 
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20 
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—a-a 
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—T7 
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-33-8 
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—33-0 
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-366 
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—21-0 


-S-8 
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— S-o 
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-5-5 
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-383 
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_6-o 
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—80 
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—40s 
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-^1-S 


—80 


17-6 


—24-4 
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—411 
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—ISO 


—130 


-416 


—430 


_8 9 


I6-0 
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—420 
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•S-8 
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— 16-6 
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—18-0 


-44- 


—47-3 



„Googlc 



THERUOMErEKIC QEOREEB. 



0. 


F. 


c. 


F. 


c. 


F. 


—44-4 


^»8-o 


—61 I 
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-78.8 
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— Si-o 
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-79-4 


— III-O 


—470 


-53-6 


-633 


—81-0 


—80-0 


— II2-0 


— 47-a 
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-638 


-830 


-80-5 


-1130 
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— S4 


—640 


-83-> 


—81-0 


->I3S 


-480 


-54-4 


-644 


-84-0 


-Si-I 


-114-0 


-483 


-SS-o 


-650 


-as^ 


—81-6 


—115-0 


-488 


-560 


-65- s 


— 86-0 


— 8a-o 


-iiS-6 


—490 


-S6-2 


-66-0 


-86-8 
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—116-0 


—49-4 


—57-0 


-661 


-870 


-82-7 
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—500 


_S8-o 


-666 


— 8S0 


-830 


—117 -4 


-50-S 


— S9-0 


-670 


-88-6 


-833 


-iiS-o 


— Si-o 


-59-8 


-6t2 


-89-0 


-83-8 


-1190 


-Si-i 


—600 


-677 


—90-0 


-840 
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— 6i-o 
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-90-4 


-^4-4 


— laoo 


— 5!fo 
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-68-3 


—910 
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—512 
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-68-8 


— 91-0 


-855 


— laa-o 


— S*7 
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-690 
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— S3-0 
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-123-0 
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—866 
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-70-S 
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— S4-4 


—66-0 
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— 960 
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-SS-o 
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-560 
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—88-8 
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-69-0 
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-58-3 
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-106-6 
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—.28-0 
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-95 S 
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—112-0 


—169-6 
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—170-0 
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—200-0 


-961 


—1410 




—171-0 


—129-0 
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—96-6 


—1420 


—113-0 


-171-4 


—129-4 


— aoi-o 


—970 


—142-6 


-I '3-3 


—172-0 


-1300 


—202-0 


-97a 


—1430 


-1138 


—173-0 


— 130-S 


—203-0 


-977 


—144-0 


—114-0 


-173-2 


—13 10 


-203-8 


-98-0 


-144-4 


-114-4 


— 174-0 


—131 I 


—304-0 


-983 


—1450 


— HS-o 


—175-0 


-1316 


— 205-0 


-988 


-146-0 


-US-S 


—176-0 


—133-0 


—20s -6 


-990 


—146a 


—1160 


-1768 


—132-2 


-206-0 


—99-4 


—147-0 


—116-1 


—177-0 


-132-7 


-207-0 
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— 14S-0 


-116-6 


-178-0 


-'33-0 


-207-4 


— loo-s 


—1490 


-117-0 


-178-6 


-IJ3-3 
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-149-8 
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-150-0 


-117-7 


— iSo-o 
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-209-2 
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-118-0 
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—134-4 


—210-0 


—102-0 
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-118-3 


—181-0 


—135-0 
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— lOii 


-151-0 


-it8-8 


—182-0 


—135-5 


-213-0 


— Ioa-7 


—153-0 


—119-0 


-182-2 


-136-0 


—311-8 


-103-0 


—'53-4 


-119-4 


-1830 


-1361 


-313-0 


— '03-3 


—154-0 


-120-0 


-184-0 


-136-6 


—214-0 
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— 1SS-0 


— 120-5 
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-137-0 


—214-6 


—104-0 
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— 121-0 


-18s -8 


-137-2 


-215-0 
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-.56-0 


—121-1 
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->37-7 


—2160 


— loS-o 


—1570 


—121-6 


-1870 


—138-0 


-216-4 


-105-5 


-158-0 


— 123-0 


-187-6 


-138-3 


-217 -o 


— io6-o 


-158-8 


— IJ3-2 


-188-0 


-1388 


— 2I8-0 
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-159-0 


-t«-7 


-189-0 


-139-0 


— 2l8'3 


— to6-6 


-160-0 


—123-0 


-189-4 


-139-4 


— 2I9-0 


—107-0 


-160-6 


—"3-3 


—190-0 


—140-0 
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— I40-S 
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—141 6 
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-225-4 
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—150-5 


-239-0 
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-149-0 
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—231-0 
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—241-6 
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—147-0 


-232-6 
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—233-0 
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-"5S-3 
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Abbl, F., cTBiMoto oils, 301 

flasb-point, 107 

Abel-Peoaky tcHter, 109 
Abel'B tester, 105 
Abiastol, 206 
Abrnszo bitomen, 81 
Acenaphthone, 61, 214, 316 

dihydride, 216 

Acetylene, 29 
Acetylenes, 18, 19, 28 
Add, free, in oils, 130 

tar, « 

Ackennaiiii, E., pheDoI, 242 
Acrldine, 230, 223 

picrate, 220 

Adrian, M., creoeote, 283 
Alcatnu nspbalt, 87 
Alipbatic seriw, 17, 18, 19 
Alinrin, 210 
AlkaU in oils, 133 
Alkyls, 18 

Allen, A. H., patent 
pOwdeiB, 253 

neoaote, 263 

viscoBimeter, 123 

Allenes, 19 

AUjIene, 28 

Alsatian petroleam, 92 

Aniline, 167 

Anthracene, 208, 209, SIS, 221-S 

cake, 50 

crude, 214, 215 

detection of, 221 

determination of, 232 

dihydride, 212 

ftom coke-oven tar, 233 

water-gas tar, 233 

baihydride. 212 

in tar and pitch, 233 

oils, 153 

picrate, 209, 233 

Anthracenes, 18, 19 
Anthraqninone, 210, 221 
enlpbonic acids, 211 



Aichhntt, L., blast-ftmiace creooote, 
292 

creosote oils, 296, 296 

labricaote, 132 

Artnuuin'B creolin, 202 
Asaprol, 206 
Aabolin, 278 
Asphalt, 56, 70 

artificial, 88 

assay of, 79 

fractionation of, 83 

Asphaltene, 71 
Asphalt-paving mixtures, 77 
Aaphalt-pitches, 70, 73 
Aatatki, 64 

Austin, disinfecting powders, 354 
AosCraleae, 47 
Azolienzene, 167 
Azoxybenxeue, 167 



Bach, A,, lubriomts, 129 
Bakn petrolenni, 92 
Bassett, U., antbracene, 231 
Baum, J. H., catechol, 270 
Beanni6 degrees, 311 
Beechwood creosote, 283 

tar, 280 

T. Bechi, G., authraoene, 221 
B«bal, asbolin, 278 

creosote, 281-284 

guaiacof , 273 

phenol, 241 

Beilt^, Q., nitrogen in petrolenni, 

paniffln, 143 

Beilstein, flash-point, 111 

ozokerite, 68 

petroleDm, 60, 61 

Belcher, X C, pbeuol, 247 
Bellier, asaprol, 206 
Belmontine oil, 101 - 

Bendix, D., creosote oils, 300 
I, 164 



- commennal, 161 
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BeDZ«De, detection of, 159, 19a 

ilBtermi nation of, 197 

ring, 164 

BeDzenes, 18, If), 154 
Benzerytiieue, 57, 218, 2S3 
Benzin, 63, 97 
BenKiue, 63, 97 
Benzin-naphtho, 91, 98 
Benzol. 157 

official, 179 

30 per cent., 179 

50 per cent., 178 

90 per cent., 179 

Benzols. .50, 161 

assay oi; IBO, 184 

comnlercial, 177 

Beuzolin, 97 
BenzoBol, 275 
Benzoyl gn.iiacol, 37S 
Benzyl alcohol. 236 
Berthelot, M., acetylene, 30 

polyphenols, 271 

Betol, test for, 24.1 

Biel, J., flaahpoint, 109, 110 

Bitumen, Abruzzo, 91 

Bitumens, 56 

Blake, asphalts, 70 

Blaat-funiace tar, 44 

Blomen, J., nitrouupbtbalenee, 207 

Bloom in oils. 134 

Boryalaw ozokeri te, 68 

Bottoms, 50 

BoaltoD, 8. B., creosoteoils. 397 

BonigongDon, petroleam, 65 

Bonaaiuganlti asphalt, 71 

Bowen, asphalt, 26 

Braconnet, aabolin, 278 

Biaunl. ozokerite, 67 

petroleum, 57, 66 

Bromine abaoiptions, 26, 68, 91 
Brown -coal tAr, 23 
Bnlh-tabe test, 187 
Baming naphtha, 176 

oil, 43 

anay of, 101 

Bntter-stone, 67 
Bycrlyte, 69 

Cakr, anthracene, 60 
Cnlcinm carhide, 32 
Caldnetl, drying oren, 306 
Cameron, dianthracene, 210 
Canailol. 9(i 

Carhazol, 318, 221-223 
Carbolic acid, 50, 236 

commercial, 250 

oils, 50 



Carbon disnlphide in tar, 180 
Carbnireting naphtha, 177 
Carvfes, F., coke-oven, 46 
Catechol, 234, 263, 27U 

ethers, 272 

methyl ether, 272 

Cazelineoil, 101 
Cedriret, 3ao 
Cerauu, 69 
Ceralignone, 270, 280 
Cbattaway, W., creosote, 389 
CheTaatclou, acetylene, 30 
Chloisnil, 270 
Choay, creosote, 281-284 

gnaiacol, 273 

pheuol. 241 

Chromic acid, reagent, 232 

anhydride, reagent, 232 

Chrontometer, 112 
Chrysene. 217. 221 
Chrysogeoe, 217 
Clans. A., anthmquinone, 212 
Clanser, disinrectiu)t liquids, 261 
Closed-chniii series, 17, 16, 19 
Coal oil, 100 
Coal-tar. 47. 152 

— camphor, 200 

composition of. 153 

. creosote, 276, 294 

■ — atBBy of, 298 

naphtha, 99, 175 

— pitch, 64, 74 
Cod oil, 129 
Coke, 37, 43 
Cake-oven tars, 46, 233 
Coleman, J. J., petroleum, C9 
Color of kerosene, 1 1 2 
Commercial gntiacol, 274 
Comparison of thenoometric sc 

312 
Coemoline, 143 
Coonn, H., catechol, 271 
Cracked oil. 91 

CnrCklQg of petrolenm. 62, 81 
Crafls, J. M., xylene, 173 
Creolin, 262 
Crooeoi, 267. 276 
Creosote, 278 

ad alterations of, 38? 

assay of, 264 

beecbwood, 283 

blast- faniaee, 391 

coal-t«. 294 

commercial, 282, 3SS 

Morson's, 287 

oahwood. 280 

oils. 60, 276, 394 

assay o^ 386 
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Creoeoto oila, spedficationa for, 288 

Bhenish, 279 

ebale-tar, 293 

wood-tar, 2T7 

Creaol, 334 

det«cti<Hk of, 30e 

nielhjl ether, 276 

CresoliDe, 362 
Creeols, 235, 256 
Creaylic ncida, 25«, 258, 260 
Crude onthraceDe, 214, 216 
— ~ bcDzol, 177 

naphtha, 153, 190 

pATafliD, 147 

petroleam, 64 

detoction of, 113 

Comeiie, 164 

Cjdlc series, 17, 18, 19, 153 

C^meoB, 154 

Cymogen, 64, 91, 96 

Davibs. E., aapbolt, 76 
DaviB, G. E. , antbTacene, 229 
Davis, T. H., anthracene, 229 
Day, fuphalt, 74 
D«kd oila, 153, 294 
Deblooming agents, 134, 138 
Deboft, H., benzene aesnj, 182 
Denif!^, thiophene, Ifti 
Desoij^nes, miboliu, 2TB 
Destructive distillation, 34 
Dianthrocene, 210 



Dil> 



I, 19 



DibronuiDthracene, 210 
Dibromophenol, 244 
Dlcblonuitbraceoe, 210, 222 
Diethenes, 19 
Dibydric phenols, 265 
Dihydro:(7benzeueB, 2a'> 
Dimeth;lantbrac«ne, 212 
Dimetbjibenzence, 170 
Dimethjlbomocatecholnte, 278 
DimetbylnapbthaleQe, 201 
Dlnitisntbraquinone, 210 
DlocyanthnMiuinone, 310 
Dipbenyl, 213, 214, 222 
Dipbenjlenea, 19 
Diphenylimide, 318. 221-223 
Dipbenflmethane, 214, 216 
Di phenyls, 19 
Disinfectiog liquids, 261 

powdera, 253, 254 

Distillation, deatrnctive, 34 
DitK, creaoli, 367 

disinfecting liquids, 263 

Doolittle, O. 8., viscosimeter, 125 
Dreckboff, cresol, 261 



Drying character, 138 

ovens, 306 

Dnotal, 275 
Danuid-Claye, asphalt, 76 



Elliott, A. H., anthracene, 233 

flash-point, 108 

Endemaun, H., asphalt, B4-90 
Engler, creeol, 361 

petroleum, 62 

— TiseosimetiT, 123 

and Jeeioranski, petiolenm, 03 

Eschka's method, 81 
Essence of mirbaae, 166 
Essential oils, 17, 19 
Ether, petrolenm, 06 
Ethers of phenol. 378 
Ethinyl, 18, 19, 28 
Enpittouic acid, 280 
Ewell, E. E., creeols, 260 
Extraction apparatus, 79, 303 

Fatty series, 17, 16 
Fire-test, 103 
Flash-point, 103, 128 
Fluontnthiene, 51, 215. 217 
Flnorene, 214, 216. 232 
FInorescein, 208 
da Forcrend, phenates, 240 
Fowler, H.. acetylene, 29 
Fox, W.jlnbriciiots, 132 
Fractionation of benzols, IS4 

petrolenm, 110 

FreseniDS, R., InhricaDls, 139 
phenols in soap, 264 

Friswell, R. J., uitrobenzeiie, 168 
Fryer, phenol, 239 



Oaliciaw petrolenm, 92 
Gall, disinfecting liquids, 3,53 
Oalletly. parumn, 143, 144 
Gas, natural, 59 
Gasolene, 63, 64, 98 



Gelat 



, 133 



Gill, parafOn, 146 

Gill, A. H., viscoaimetry, 128 

GilsoDite, 74 

Glynsky tnbe, 188 

Oiuelin, L., nitrobenzeue, 166 

Grobaniite. 74 

Gray, 8.. flash-point, 107 

Greuie, 60 

Oieen oils, 153 
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Gruber, cieaols, 257 
Onaiacol, 272 

carboDBte, 275 

carboijlic acid, 276 

testa for, 243 

Ouaiac;! Iienzoate, 2T5 
Gamming of oils, 129 



HABET8, common coal-tar pitch, 55 

Hager, creosote, 289 

Halter, thiophene, 165 

Heavy oil, 43, 2tH 

Hell, petnilenm, 62 

Hemimellitbene, 154 

Hempel, acetjlene, 31 

guB burette, 25 

tube, 188 

Henriqaes, benzene, 197 

Heosler, anthracene, 226 

Herde, anthracene, 228 

Herman, H. N., naphtholB, 204 

Hex anietbyl amine, 26D 

V. Heyden, F., diaiafecting liquids, 

2t>l 
Hiljnird, J. A., aspbalC, 73 
Hodi^n, E. H., nnphalt, 81 
Hoffmann, £., phenol, 242 
Hofinan, H. O., coke-oven tar, 45 
Holmann, A. W., creosote, 280, 294 
T. HohenbanMD, J., benzene, 183, 

191, 194 
Hiiland, R., bronn-conl tar, 23 
Holde, benzene assay, 197 

debloomiiig agents, 138 

Holland, benzene assay, IBIi 
Holmes, F. G., teats of piUib, 55 
Homocatechol, 267, 271 

ethers, 272 

methyl ether, 275 

Homologona, 17, 18 
HUhl's method, 27 
Hydmnthraiiuiuone, 212 
Hydrocarbons, 17, litO 

separation, 33 

HvdranaphUiol, 204 
HydroquiuoDc. 268, 269 
Hydroxy naphthalenes, 201 



fdryl, 215, 217, 223 

I midodi phenyl, 216, 221 

Imidophenylliaplithyl, 219, 221, 2; 
Iodine absorption, STT, 88 
loninf, petroleum, 60 
laodareue, 152 



jAC<tlJEMIH, E., nitrobenzene, 167 

pheDol, 242 

Jameson, coke-oven tor, 45 
Jayne, H. W., phenol, 236 
Jelly, petrolenm, 139 
Jesioranski, pelrolenm, 93 
Jordan, A. K, asphalt^ 76 



Kahl, acetylene, 31 
Kaet, sulphar in petnileam, 6S 
Kebler L. F., creosote, 284 
KekQl4'8 theory, 150 
Kelle, W., guaiocol, 233 
Kerosene, 63, 64, 100 

assay of, 101 

flashpoint. 103 

Kleczany petrolenm, 61 

Knights, West, disinfecUug ponder, 

253 
Enorr, extraction apparatus, 303 
Kohn, phenol, 2:t9 
de Koniugb, L., phenol, 24S 
Koppe, creosote, 279 
Efoppeschaar, pheDol, 245 
Kianae, viscosity, 117 
KTeosot,276 

Kmg, W. H,, nitronaplitbalenea, 207 
Knrbalow, petroleum, 61) 
KUater, F. W., anthracene, 223 



LACn, B., ozokerite, 67, 69 
Lacbowicz, petroleum, 61 
Lagai, sulphur in petrolenm, 58 
Landolt, H., tribromophenol, 244 
tjtai mnninKS, 176 
I^aubenheimer, benzene, 164 
LeBel and Heaniger tube, 188 
Leffmann, H., nspliult, TT 
Leonard, N., deblooniing agents, 138 
Leviusteio, I,, naphlhota, 202 
Lewes, acetylene, 31 
Leiris, F. H., asphalt, 77 
Lewkowitsch, J,, porafBu, 150 
Liebermaun. phenol, 243 
Light oil, 43, IM. 157 

petrolenm, 97 

Lignooeric acid, 47 
Linton, S. A., asphalt, 73-89 
Ijovibond's tintometer, 112 
Lubricating oils, 43, 114 
LUck, E.. anthracene, 229 
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LaDg«, G., acetylene, 31, 32 

benzene aasay, 195 

nitruflcatiou, lU'J 

nitrometer, 25 

Lungwitz, iQbricaote, 133 
Lysol, 282 



Uabebt, snlpbar in petrolenm, I 
Makin, pheoola in soup, 264 
Malthm 67 
Mansfield, C. B., benzene, 164 

Tftseline, HO 

Marfori, P., gaaiaeol, 274 
Harkinikoff, petroleum, 60, 61 
Mftnb gea, 20 
Medium naphtha, 176 
Meidinger, petrolenm, 62 
Merek, hydronaphtbol, 204 
Merrili, J., petrolenm, 94 
Meeitjlene, 164 ' 
Meseinger, phenol, 247 
Metacreaol, teat fot, 243 
Metoxjtene, 172 
Methanes, 18, 19, 20 
Methenea, 18, 19, 23 
Methjlanthracene. 212 
Metliyn>enzene, 169 
Methjlcatechol, 271 
Methylcat«rholat«, 273 
Methjriboiuoctttfcholate, 275 
Melhyliaopiop^'lphenantbrene, 2 

223 
MethylDapbthalene^ 201 
Meaael, nraffln, 146 
Hichel, UiiopheDe, 165 
Millon'a resKent, 242 
Milla, E. J., hiomination, 25 

coal-tar, 48 

petrolenm, 94 

Miaenil harningoil, 100 

labricating oil, 133 

matteiB in oil, 133 

epenn oils, IVI 

Mirlvane, eesence of, 166 
Mitecherlich, nitrobenzene, 166 
Monobromophenol, 244 



Naphtha, 43, 64, 91 

aseaj of, 180, 184 

bnrning, 176 

carburreting, 177 

«ial-tar, 99, 175 

crude, 153, 1(H) 

last-mn, 170 



Naphtha, once-nin, 176 

ahale, 96, 99 

solvent, 50, 176 

Naphthalene, 60, 197, 813-214, 221, 
222 

commercial, 199 

dehydride, 200 

— oils, 200 

salta, 200 

ealphonic acids, 199, 201 

tetrahydride, 201 

Naphthalenes, IS, 19, 61 
Naphthalin, 197 
Naphtha] qui none, 199 
Napbthuls, 201 

detection of, 203, 206 

determination of, 204, 207 

diednction of, 203 

Naphthyl alcohola, 201 
NapbthylenM, 19 
Natural gas, 59 
Nawratil, petroleum, S6 
NeO^il, 67 
Neoeote, 292 
Nentnil oils, 60 
New York tester, lOS 
Nickels, B., benzene, 183-194 

coal-tar, 62, 63 

Nicol, C, anthracene, 232 
Nitrobenzene, 165 

poisoning by, 160 

Nltrobenzol, eommeroial, 169 
Nitrofication tent, 162 
Nitrogen iu asphalts, 86 

in natural ^s, 59 

Nitronnpbtbaleoee, 199, 307 
Nitrotoluenea, 170 
Nomenclatnre of hydrocarbons, 18 
Nordlinger, H., cresola, 257 
Nortmann, phenol, 247 
Niitliiig, creosote oil, 285 



OakwooI) tar, 281 
Oils, anthracene, 153 

bloora of, 134 

burning, 43 

carbolic, 50 

creosote, 60, 294 

dead, 15;t, 294 

deblooming, 134 

dryioc, 128 

fluorescence of, 134 

free acid in, 130 

alknli in, 133 

green, 153 

heavy, 43, 294 

intermediate, 43 
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328 

Oilfl, light, 43, 163, 157 

iDbricfltiDg, '^ 114, 119, 13S 

minetal, IM 

matters in, 133 

oapbthalene, 200 

ueutrul, 50 

onoe-raD, 43 

ozidabilit; of, 128 

Tednced, 133 

solidifjing point of, 128 

OleQus, IS, 19, 23 

i]e(eituitiatioa of, 24 

Oleon aphtha, 63 
Once-raa naphtha, 43 

oil, 43 

Open-cluiln hjdrDcarbaiH, IT 
Oicin, 234 
Orcinol,234, 267 

OiKHiiic matter, DOD-bitoniiiMiia, BO 
Orientatinti or bentene, 155 
OrndorCr, diuitfaracene, 210 
Ortbaniaidin, 273 
Orthocresol, 236, 2.'>7 
OrthotolaicBcid, 172 
Ortboxjlene, 172 
OrtoD, asphalt, 73 
Otto-Hofl^aon-oveii tar, 45 
OxidisabJUty of oils, Vi8 
Ozokerin, 141 
Oeokerite, 66, 69 



PARACHRTeRNE, 21 S 

ParetTeueii, 19, 156 
Paraffin, 64, 143 

emde, 147 

scale, 43, 147 

soft, 13fl 

solid, 143 

wax, 143 

Paraffins. 19, 20 

in aothnicene, 219 

Paroffinam liqaidum, 142 

moUe. 142 

Bolidam, 143 

ParoQthmceue, 210 
Paiatoloic acid, 172 
Paruxyleiie, 172 
Pawlewnki, petroleum, 81 
Pearson's creolin, 262 
I'eckliam, S. F., asphalt, 80 



- hitnmi 



j, 57 



Pennsylvaais petrolenm, 92 
Peoiky-Martena apparatns, 105, 109 
Peritz, owikerite, 68 
Peikin, anthiscene, 209 
Petrolatum, 142 
Petrolene. 71 



Petroleum, 57, 177 

BBBay of, 86 

California, 57 

Canadian, 60 

Caucasian, 60 

crude, 84 

ether, 86 

Galicinn, 61 

Hanoverian, 82 

jelly, 139 

Ohio, 60 

Pennajlvania, 59 

products, 90 

residunm, ]51 

Roumanian, 92 

KDBsian, 60, 83 

spirit, 98 

yield from crude, 92 

Petrollna, 141 

fbenanthrene, 51, ^14, 216, 221-223 

Phenates, 23S 

Phenol, 236, 259 

detection of. 206, 241 

diyingof, 249 

esters, 240 

estimation of, 241, 246 

ethefs, 240. 278 

in soap, 264 

poisoning by, 249 

nynthesis of, 237 

Phenols, dihydric, 231 

monohydric. 234 

trihydric, 234 

Phcnylcorbinol, 236 
Phenylnaph thy 1 amine, 219 
Pbillips, P. a, beoMDe Msay, 183 

nitrofcen in natural gas, 69 

PbloD^lucol, 234 

Pbthalic acid, 199 
Pioene, IB, 51, 210 
Picrol, 269 
Pictet, acetyleoe, 30 
Pinette, cresola, 267 
Piutach system, 161 
Pitch, 37, 54, 153 

anthracene in, 232 

coal-tar, 74, 75 

mineral, 70 

PiUical, 360 
Pltteburg flni, 89 
Poisealle. viscceity, 120 
Poisoning by acetylene, 32 

by nitrobenzene, 166 

by phenol, 249 

PolTphenols, 271 
Prehcnite. 154 
Prescott, cresols, 260 
Preservation of timber, 296. 
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Proceasing timber, S04 
Frochazka, J., napfatiiolfl, 3M 
Proeter, H. R., tintometer, 113 
PneiidocaiiieDe, 164 
Pseud nplienantliTeiie. 216, 323 
Pjreae, 61, 215, 217, 221, 223 
PjrocatecbiD, 266, 270 
Pyrocatechol, 265, 270 
Pyrogallol, 2M 

teete for, 243 

Pf rODftpbtba, 63, 101 
Pyrrol, 61 



QUIMOJ^ 243, 265, 260 



Bedwood, B., color of keraaene, 112 

flaah-point. 111 

ozokerite, 68 

porsfBn, 140 

petrolenin, 63 

vapor, 103 

risPOHity, 118-120, 127 

Beichenbacb, cedrirttt, 280 

kreosot, 276 

Befiitlunni, 63, 151 
Resorcin, 265, 367, 269 
Resorciuol, 265, 267, 260 
Resorcol. 265, 267, 260 
Retene, 213. 216, 323 
Betorl test for bcDzoU, 1S5, 187 
Bhenish creosote, 289 
RbigcileQe, 64, 96 
Ricbardson, C, aapbalt, 74-90 
Ri^ler, phenol, 249 
RittmayeT, R., pbenol, 206 

timber-preeerTAtioD, 287 

Rock-aaphalts, 70, 72 
Ronmaniiia petroletmi, 92 
RuDge, creosote, 2S0 

pheool, 276 

Rnmiau oil, detecliou of 113 



Babin, aspbalt, 89 

Sodtler, S. P., asphalt, 73-80 

petroleum, 66, 02 

Salocol, 262 

Salol , detectina of, 206 

Sanatol, 262 

Sapocarbol, 262 

Saprol, 262 

Sanerlandt, ozokerite, 67 

Bayboidt'i visaMimeler, 127 

Scale, paraffin, 147 



Schr^ver, S. B., phenol, 247, 249 
Schnltz, nitrobenzene, 166 
Schnlze, cresole, 258 

naphthols, 202 

ScbUtzenberger, pelrolenm, 60 
Scbweitzer, lubricoiita, 133 
Setting point, 139 
Sbale naphtha, 90 
oil, 38, 93 



Sheep-dip, analjais of, 262 
Simon, H., coke-oTeni, 45 
Simon-Carvte L-oke-oTena, 200 

ovon tar, 45 

Siodge (Mplialt, 89 
Smith, C. E., phenol, 347 

snlpbor in petroleum, 58 

Wauon, ontbracene, 234, 233 

benzeoe, 178 

biBBt-faniaoe tar, 44, 291 

Snodgtnas, kydroeartiona, 25 

Soaps in oils, 133 

Soda tar, 43 

Soft paraffin, 139 

Solar oil, 101 

Solid paraffin, 143 

Solidifying point, 138 

Solntol, 262 

Solvent naphtha, 53-176 

Spaltebolz, W., phenols. 264 

Specific gravity table, 311 

Spencer, diying appacattu, 306 

Spirit, petroleatn, 96 

Stiiiteler, nitrobenzene, 166 

Stanton, R. B., BBphalt, 78 

Stftveley, W. W., phenol, 330, 260 

Still-bottoma, 43 

Stockholm pitch, 76 

tw, 279 

Storer, petroleam, 62 
8nlpbonat«s in barulng oil, 113 
SnlphoT, determination of, 66, 81, 
113 

In asphalt, 58, 88 

in boTning oil, 113 

in tar-prodncta, 180 

Swedish tar, 47 
SylTestrene, 47 



Taoliabue'8 tester, 105 
Tankard, A. R., benzene aseaj, 1^ 
Tar acid, 43 

anthracene, 232 

— — blant-ftimace, 44 
■ coaJ, 47 
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